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Provide a means of quickly deter- 
mining the color fastness and weathering qualities 
of Plastic Products. 


Permanence of color or degree of fading on ex- 
posure to sunlight is determined in the Fade-Ometer. 


Deterioration due to exposure to light, moisture, 
thermal shock, or humidity variations encountered 
in outdoor exposure is determined in the Weather- 
Ometer. 


Years of actual exposure are reduced to a few 
days testing in your laboratory. Results are depend- 
able and exact duplicate tests can be made at any 
time in the development of a stable plastic product. 


ATLAS FADE-OMETER 


is the recognized standard testing 
machine for predetermining the 
fastness to light of any material or 
finish. Specimens are rotated 
around the Atlas enclosed violet 
arc—the closest approach to ac- 


within +3° F. and humidity 
regulated by a constant reservoir 
according to requirements of 
tests. Operation is completely au- 
tomatic without attention from 


OMETER 


tual sunlight—in masked holders. 
Automatic temperature control to 


operator; can be left in continu- 
ous operation overnight. 


ATLAS WEATHER-OMETER 


faithfully duplicates the com- 
bined weathering effects of sun- 
light, rain, heavy dew and thermal 
shock, Full automatic control of 
light and water periods is pro- 
vided by the Atlas Cycle Timer 
unit which can be set to meet 


standard and special require- 
ments of weathering tests. After 
setting exposure cycles on the 
control panel, the Weather-Ome- 
ter can be safely left in continuous 
operation without attention. 


ATLAS WEATHER-OMETERS AND FADE-OMETERS 


+ +++ are used by these companies and hundreds of others to test the 


resistance of their products. 


General Electric Co. 
Tennessee Eastman Corp. 
Plaskon Div., Libbey- 
Owens-Ford Glass Co. 
Monsanto Chemical Co. 
Bakelite Corp. 
Hercules Powder Co. 
Dow Chemical Co. 


& Co. 


Inc. 


E. I. Du Pont de Nemours 
Durez Plastics & Chemicals, 


Catalin Corp. 
Celanese Corp. of America 
Continental Diamond Fibre 


Pro-phy-lac-tic Brush Co. 

Duramold Div., Fairchild 
Engine & Airplane Corp. 

National Plastic Products 

Plastic Film Corp. 

Eronel Industries 

Armstrong Cork Co. 
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Many Committees to Meet in Washington 
About 150 Committee Sessions Scheduled 


q Upwarps of 150 meet- 
ngs of main A.S.T.M. technical 
sommittees and their subgroups and 
ections will be held during A.S.- 

.M. Committee Week in Washing- 

on, D. C., beginning March 1. As 
oted in the December BULLETIN, 
eetings of the respective commit- 
ees are being allocated to the sev- 
ral cooperating Washington hotels, 
nd in making hotel reservations 
embers are asked to keep this 
ituation definitely in mind—a hotel 
eservation form was sent to each 

».T.M. member and committee 

ember in December with detailed 
nformation on which committee 
would meet where. 

Detailed schedules of subcommit- 
bees will be, as usual, transmitted by 
the committee secretaries. No com- 
plete schedule will be sent from 
A.S.T.M. Headquarters but there 
will be available at the respective 
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hotels in Washington full details on 
times and room assignments for the 
committees. Most of the meetings 
are being held at the Hotel Statler, 
but several groups will meet at the 
Mayflower, Shoreham, and Ward- 
man Park. 

There are no general technical 
sessions being held this year and 
consequently since such sessions 
comprise the main feature of the 
Spring Meeting, no cognizance is 
being taken of such a meeting. 

The recommendations on stand- 
ards and such matters which are 
agreed upon at the meetings and 
subsequently confirmed by letter 
ballot vote will be covered by reports 
to be presented at the Annual Meet- 
ing in Detroit during the week of 
June 21. However, as is customary, 
news accounts of the meetings will 
appear in the March ASTM But.ez- 
TIN. 


Memorials to Two Great Americans 


A.S.T.M. Symposium on Organic 
Reagents for Metal Analysis 


AN all-day symposium 
on “Organic Reagents for Metal 
Analysis’ is being held on March 4 
at the Shoreham Hotel in Washing- 
ton, D, C., under the sponsorship of 
the American Society for Testing 
Materials’ Committee E-3 on Chem- 
ical Analysis of Metals. While the 
symposium is being held primarily 
for the members of Committee E-3 
and its subcommittees and certain 
invited guests, others interested in 
the subject are invited to attend and 
should make known their desire to 
do so to Dr. S. E. Q. Ashley, General 
Electric Co., Pittsfield, Mass., or 
Dr. J. W. Stillman, E. I. du Pont 
de Nemours and Co., Inc., Wilming- 
ton 98, Del. Dr. Ashley is chairman 
of Committee H-3’s Division on 
General Analytical Methods and 
Dr. Stillman is secretary of the 
main technical Committee E-3. 
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Notes on 1948 Annual Meeting 


- Numerous Features in Detroit, June 21-25; Lecture on Tracer Isotopes; 
Photographic Exhibits, with Photomicrography and Radiography 


ECENT developments 
in connection with the 1948 Annual 
Meeting of the Society to be held in 
Detroit throughout the week of 
June 21 include a decision by the 
Board of Directors to invite Dr. 
Paul Aebersold, Chief, Isotopes 
Division, Atomic Energy Commis- 
sion at Oak Ridge, to deliver the 
1948 Edgar Marburg Lecture during 
the Annual Meeting. The general 
subject of Dr. Aebersold’s address 
will be radioactive tracer isotopes, 
with special reference to their utili- 
zation in industry. Unless there is a 
change in the plans, this lecture will 
be held on the evening of Thursday, 
June 24, in the main auditorium of 
the Rackham Building, thus having 
available excellent facilities for a 
large audience. Further announce- 
ment will be made later. The So- 
ciety is fortunate in securing as a 
speaker one who is in such close con- 
tact with this important subject. 


Photographic Exhibit Committee: 


Recently in Detroit the 1948 
Photographic Committee was organ- 


ized with J. L. McCloud of Ford 
Motor Co., general exhibits com- 
mittee chairman, present, and also 
F. G. Weed, President, Rinshed- 
Mason Co., who is to serve as the 
Photographic Committee chairman. 
Serving with Mr. Weed are a num- 
ber of members and others who are 
active in this field. A.S.T.M. Com- 
mittees E-4 on Metallography and 
E-7 on Radiographic Testing are 
participating officially in the ex- 
hibit, and have designated repre- 
sentatives. ° The complete personnel 
of the Photographic Committee 
appears in the accompanying box. 
The photographic theme this 
year will be ‘Materials, Testing, 
and Research,” and full details and 
an entry blank will be sent to each 
member in the near future. In the 
Society are quite a number of men 
who do excellent camera work, and 
the exhibits of previous years have 
demonstrated their technique and 
also the interest in this subject. 
The work in photomicrography and 
radiography shown ‘under the aus- 
pices of Committees E-4 and E-7, 


1948 Photographic Committee 


F. G. Weep, Chairman, President, 
Rinshed-Mason Co. 

R. C. McCuzary, Chrysler Corp. 

Don M. McCurcuEon, Ford Motor 
Co. 

ANGELO R. SERRATONI, Chrysler 
Corp. 

EvcEne Vincent, Ethyl Corp. 

H. R. WoLre, General Motors Corp. 


Representing Committee E-4 on 
Metallography: 


C. J. Tosrn, General Motors Corp. 
igh 1b, Suippey, Bausch & Lomb 
Optical Co. 
Representing Committee E-7 on 
Radiographic Testing: 
Don M. McCurcueon, Ford Motor 


Co. 

E. W. Paag, General Electric X-ray 
Corp. 

H. E. Seemann, Eastman Kodak 


Co. 
Kent R. Van Horn, Aluminum - ff 
Company of America 


respectively, also has aroused muchif 
interest and focused attention on im-4 
proved techniques and the excellent 
results which can be obtained. 


Apparatus Exhibit: 


Many of the leading manufac— 
turers and distributors of testing: 
equipment, laboratory supplies, and? 
materials used in testing and ref 


earch will participate in the 1948 
ixhibit of Testing Apparatus and 
telated Equipment to. be held at 
fhe Book-Cadillac throughout the 
ive days of the Annual Meeting. 
This exhibit is an excellent oppor- 
unity for instrument manufac- 
urers to contact a large group of 
nen specializing in this field. The 
xhibit also points up the impot- 
ance of the field of instrumentation 
n materials testing and research. 


Technical Program: 


A very comprehensive technical 
rogram is in the course of develop- 
ment, some details of which were 
mnounced in the December BuLLE- 
aun. A number of symposiums are 
jlanned and there will be a large 
vumber of papers and reports pre- 
sented. There will be further infor- 
nation in the March BuLLETIN and 
1 complete Provisional Program will 
yppear in the May issue. Work is 
uready under way on editing pa- 
ers, many of which together with 
she reports will be preprinted. 


New Specifications for Facing Brick 


THE Society by action 
of its Administrative Committee on 
Standards on November 24, 1947, 
approved the new Tentative Speci- 
fication for Facing Brick (Solid 
Masonry Unit Made from Clay or 
Shale) (C 216-47 T). This speci- 
fication, developed in Committee 
C-15 on Manufactured Masonry 
Units, was definitely needed in the 
industry since the requirements of 
facing brick are more stringent than 
for common or back-up brick. Con- 
siderable discussion took place in 
the committee and_ substantial 
agreement was finally reached. 
Three types of brick in each of two 
grades are covered. The grades 
designated SW and MW are for 
use, respectively, where a high and 
uniform degree of resistance to 
frost action and disintegration by 
weathering is desired, and where a 
moderate degree of resistance is per- 
missible. The three types are as 
follows: 


THE output of 
A.S.T.M. publications, both com- 
jilations of standards and sympo- 
siums and special technical books, 
sontinues apace. Notes on some 
s00ks recently issued or scheduled 
‘or distribution very soon, appear 
1ere. 


Sompilations of Standards: 


_ Three compilations of standards 
ire practically completed, including 
hose in the fields of paint, varnish 
ind lacquer; cement; and the third, 
-efractories. 

The compilation sponsored by 
Sommittee D-1 on Paint, Varnish, 
Lacquer, and Related Products is 
sonsiderably larger than the former 
sdition published in February, 1946. 
Comprising almost 600 pages, it in- 
sludes about 170 specifications, 
fests, definitions, etc. The stand- 
ards are grouped under such head- 
ngs as the following: 

Pigments 

Drying Oils, Paint Driers, and Thinners 

Shellac, Varnish and Varnish Materials 
_ Rosin, Dipentene, Pine Oil, and Tall Oil 

Lacquer and Lacquer Materials 

Traffic Paint. 


Paint Tests, Putty 
Paint Weathering Tests 
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More Publications Issued 


Copies of this widely used book 
can be procured by members at the 
special price of $3.25, the list price 
being $4.35. 

The Compilation of Standards on 
Cement is sponsored by Committee 
C-1. A number of changes have 
been made in the specifications and 
tests. Members can procure this 
approximately 200-page book at the 
special price of $1.50; list price, $2. 

Some of the compilations of 
standards include much helpful in- 
formation in addition to the speci- 
fications and tests, and this is very 
definitely the case with the Manual 
on Refractory Materials sponsored 
by A.S.T.M. Committee C-8. This 
committee has developed a number 
of surveys covering the service con- 
ditions of refractories in a number of 
important applications, and these 
special reports are given in full in 
this latest book. Since there has 
been no edition since June, 1943, the 
new one will be of distinct service. 
There: are about 40 specifications 
and tests included in this book which 
will aggregate about 260 pages. The 
members’ price is $1.85, the list 
$2.50, in heavy paper cover; for 
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Type FBX—Brick for general use in ex- 
posed exterior and interior masonry walls 
and partitions and for use where a high 
degree of mechanical perfection, narrow 
color range, and minimum permissible 
variation in size are desired. 

Type FBS.—Brick suitable for general 
use in exposed exterior and _ interior 
masonry walls and partitions where wide 
color ranges are desired and where a greater 
variation in size is permitted or desired 
than is specified for Type FBX. 

Type FBA.—Brick manufactured and 
selected to produce characteristic archi- 
tectural: effects resulting from nonuni- 
formity in size, color, and texture of the 
individual units. 


The specification gives detailed 
physical requirements and covers 


- numerous other matters of quality 


and testing. This specification is 
published in Part II, 1947 Supple- 
ment to the 1946 Book of A.S.T.M. 
Standards. ~ 


cloth, an additional charge of 65 
cents per copy is made. 


Special Technical Publications: 

The Symposium on Paint and 
Paint Materials, Special Technical 
Publication No. 75, has been com- 
pleted. It has the several papers 
presented at the 1947 Spring Meet- 
ing, with an interesting introduction 
by C. H. Rose, Chairman of the 
Symposium Committee. He points 
out that there has been a marked 
increase in the interest within the 
industry in the methods of evaluat- 
ing paints and paint materials and 
that the many new products being 
offered the paint industry must be 
evaluated carefully and with reason- 
able promptness. Hence Commit- 


Of the publications described in 
the accompanying article four are 
not listed on the special Members’ 
Order Blank transmitted in Decem- 
ber and consequently could not have 


been ordered through the blank. 
They are the compilations of Stand- 
ards on Cement and on Paints; the 
Petroleum-Automotive Papers; and 
the Engine Test Manual. 


tee D-1 sponsored this symposium 
to focus attention on testing meth- 
ods and to make available the latest 
thoughts and practices. The first 
group of four papers describes some 
of the current testing methods used 
for testing industrial, automotive, 
container, and marine finishes. The 
three papers in the next group de- 
scribe some new developments in 
testing methods for evaluating paint 
materials. The last group of papers 
discusses the application of statisti- 
cal analysis to test data and shows 
how paint testing may be facilitated 
by statistical methods. This book 
of 120 pages, heavy paper cover, is 
available to members at $1.50, the 
list price being $2. Cloth prices are 


65 cents additional in each instance. 


Petroleum Products and the Automo- 
bile: 


Two extensive technical papers 
and an interesting introduction com- 
prise the booklet covering the rela- 
tion of petroleum products to the 
automotive industry, which was the 
general subject covered at the De- 
troit District meeting in October. 
W. M. Holaday, Director, Socony- 


Vacuum Laboratories, New York, 
prepared the extensive paper dealing 
with ‘The Efficient Production and 
Utilization of Motor Gasoline,” and 
C. M. Larson, Chief Consulting 
Engineer, Sinclair Refining Co., 
New York, discussed ‘‘Petroleum 
Lubricating Oils as Related to 
Automotive Equipment.” 4H. C. 
Mougey, Chairman of the Program 
Committee, introduces the papers 
and cites the significance of the gen- 
eral problem. Copies of this 52- 
page booklet can be procured by 
members at 75 cents per copy, the 
list price being $1. 


Petroleum Chart: 


Another chart is being added to 
the series of Viscosity-Temperature 
Charts described in A.S.T.M. Stand- 
ard D 341. This is a low-tempera- 
ture kinematic viscosity conversion 
chart of the 26 by 20-in. size. It 
supplements the other four charts 
which have been issued for a number 
of years covering the usual Saybolt 
and kinematic viscosity conversions. 
Like the other charts, the new one— 
termed Chart E—is published on 
tough, thin paper which can be blue- 


i 


A.S.T.M. Manual of Engine Tests for Fuels Being 
Published; Charts and Tables Available 


A NEW _ publication 
that promises to be of widespread 
interest and utility for all those con- 
cerned with the evaluation of auto- 
motive, aviation, and Diesel engine 
fuels is nearing completion. This 
book entitled ““A.S.T.M. Manual of 
Engine Test Methods for Rating 
Fuels” is issued under the sponsor- 
ship of A.S.T.M. Committee D-2 on 
Petroleum Products and Lubricants 
and gives in their latest approved 
form the five standard methods 
which are widely used. Not only 
are the methods given, but there is 
- a great deal of supplementary infor- 
mation relating to the apparatus 
used, its. operation, etc. 

This is the first time that all of the 
extensive information and data 
necessary have been compiled under 
one cover. Those responsible for the 
preparation of the book have worked 
intensively and put in many long 
hours to have it as up to date and as 
useful as possible. 


The tests for knock characteristics 
cover the following: Motor Fuels 
by the Motor Method (D 357) and 
the Research Method (D 908); 
Aviation Fuels by the Aviation 
Method (D 614) and the Super- 
charge Method (D 909). The fifth is 
the Test for Ignition Quality of 
Diesel Fuels by the Cetane Method 
(D 618). 

The Manual includes a short 
statement on the significance of fuel 
ratings obtained by these standard 
A.S.T.M. methods. The extensive 
supplementary material covers the 
following: Apparatus, Reference 
Materials and Blending Accessories, 
Operation, Maintenance, Installa- 
tion and Assembly, and Building 
and Utility. 


Charts and Tables: 


In addition to the Manual itself — 


which will aggregate upward of 300 
pages the Society is also issuing as a 
convenience a number of charts and 
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printed. Copies are available at 
cents each; pad of 25 for $2, an 
the charge for 5 pads is $7.50. 


Entrained Atr in Concrete: 


The nine technical papers an 
introduction to this symposium, 
held during the 1947 Annual Meet- 
ing, cover the various methods tha 
have been developed and used t 
measure the air entrained in con- 
crete by the use of air-entrainin 
cements. The quantity of entraine 
air is subject to variation from 
number of influences and it i 
highly important that accurat 
methods be available. This symp 
sium covers the rolling and pressur 
method, the Indiana method, pye 
nometer method, the Ohio Method, 
and others. There is one paper giv- 
ing an analysis of methods, based on 
the percentage of air in 45 batches 
of concrete. Following the general 
discussion there is a paper on the? 
effect of sampling errors. Copies of 
this 96-page publication, a reprint 
from the Proceedings, are available 
to members at $1.30 per copy, the 
list price being $1.75. 


tables which are required for re-: 
cording the results, or which are a 
decided convenience if available on 
separate sheets. Facsimiles of nu- 
merous tables appear in the Manual, 
for example: Tables of Micrometer 
Settings; Octane Number Conver- 
sions for Fuel Blends; etc. These 
tables are being issued separately 
from the book in size 83 by 11 in., 
and those interested can procure a 
list of the tables by writing to: 
A.S.T.M. Headquarters. 

There are three charts to be issued 
in the form of pads, covering the: 
following: Reference Fuel Frame- 
work; Data Sheet for Supercharge | 
Method; and a Matched Tempera- : 
ture Line Chart for the Aviation 
Method. These charts are used in 
considerable quantity depending 
upon methods applied, and each. 
chart is to be reproduced in letter 
size 85 by 11 in. and available in, 
pads of 50 sheets each. The prices. 
are as follows: 


Reference Fuel Framework—Single | 
Pads, $2.50; 3 Pads, $6.00; 10 Pads, | 
$17.50. | 
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Data Sheet for Supercharge Method— 

_ Single Pad, $1.25; 3 Pads, $3.00; 
10 Pads, $7.50. 

Matched Temperature Line Chart for 
the Aviation Method—Single Pad, 
$2.50; 3 Pads, $6.00; 10 Pads, 
$17.50. 


Copies of The Engine Test Man- 
ial are available to members at 
6.00 in cloth binding;. list price, 
8.00. This book was listed on the 
pecial Members’ Order Blank 
nailed in December and a good 
umber of orders have been received. 


Errata in 1947 D-2 Compilation of 
: Standards on Petroleum 


SuBSEQUENT to the print- 
ng of the 1947 edition of the compilation 
£ A.S.T.M. Standards on Petroleum 
-roducts and Lubricants, several errors 
lave been noted. An errata’ sheet is 
eing printed for insertion in compila- 
ions which have not yet been sold. For 
he convenience of those who purchased 
he book and have not obtained errata 
heets the changes are outlined as follows: 


Viscosity Method D 88-44 

_ page 34—Table of A.P.I. Oil Standards 
—For the gamma standard, transfer the 
ralue ‘36’ sec. in the column for Saybolt 
Jniversal viscosity at 210 F., to appear in 
he column for Saybolt Universal viscos- 
ty at 100 F. 


_ Penetration Method D 217 - 47 T 
page 150—Fig. 4—Change the internal 
mgle prescribed for the tip of the cone 
rom the present value of ‘30°” to read 
fou = 1 °,”” 

Also change the diameter prescribed 
or the truncated tip-from the present 
ralue of “0.015 += 0.003 in.” to read 
0.015 = 0.001 in.” and the diameter 
mescribed for the cone base from the 
resent value of ‘0.33 + 0.005 in.” to 
ead “0.33 + 0.002 in.” 


Thermometer Specifications E 1 — 47 
page 552—Table I—In footnote c 
mder the column for average temperature 
f the emergent mercury column, for the 
hermometer reading of 112 F., change the 
resent value “94 F.” to read “95 F.” 
Viake the same change in footnote d. 
page 554—Table I—For the A.S.T.M. 
sow Cloud and Pour Thermometer 6C- 
7, change the present value of “—80 C.” 
or the graduation line which is 120 to 
30 mm. from the bottom of the bulb to 
ead “—57 C.”; likewise for Thermom- 
ter 6F-47, change the present value of 
‘—112 F.”’ to read ‘“—70 F.” 

page 560—Table I—For the A.S.T.M. 
aybolt Viscosity (A.S.T.M. Reid pee 
-ressure) Thermometer 18F-39, delete 
he reference to footnote h after the value 
2 F.” opposite the item ‘Graduations 
Yumbered at Each Multiple of.” 

page 564—Table I—In footnote 7 
evise the second sentence to read as 
lows by the addition of the italicized 
rords: ‘The length of unchanged capil- 
wy between highest graduation and ex- 
ansion chambers shall be not less than 10 
1m.’’ 
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Last Call for Papers 


ANYONE who is con- 
templating submitting a paper for 
presentation at the 1948 Annual 
Meeting is urged to get in touch 
with Headquarters immediately in 
this connection. All offers should 
be in in time for consideration at the 
meeting of the Papers Committee 
which will be held about the middle 
of February. 

With conditions at the printers 
as they are, it has been necessary to 
step up the deadlines for receipt of 
manuscripts, particularly for those 
which are intended to be preprinted. 
To be available at all at the meet- 
ing, the manuscript, quite apart from 
the offer, must. be submitted prior 
to April 26 for preprinting, and for 
the first distribution of preprints, 
manuscripts should be available by 
April 5—preferably earlier. In any 
event, the offer of a paper should 
have received consideration by the 
Papers Committee by the middle 
of February. 

Papers can, of course, be sub- 
mitted throughout the year either 
for publication in the BULLETIN or 
in the Proceedings, but such submis- 
sion would not carry with it presen- 


-tation at the annual meeting. 


Inter-Society Color Council to Meet 
in Marc 


Tue 17th Annual Meeting 
of the Inter-Society Color Council will be 
held at the Hotel Pennsylvania, New York 
City, March 2 and 3, 1948. Tuesday’s 
events include discussion sessions in the 
morning and afternoon on various prob- 
lems being studied in the Council’s com- 
mittees involving such topics as color 
names and terms, specifications, as aptitude 
tests, blindness studies, textile color match- 
ing, etc. 

Wednesday morning there is a series of 
papers dealing with color coordination in 
industry, and in the afternoon this con- 
tinues. Four papers are presented in each 
of the sessions. All those concerned with 
color are cordially invited to attend these 
sessions. Copy of the final program notice 
can be obtained by contacting the Pro- 
gram Committee Chairman, Walter C. 
Granville, Container Corporation of Amer- 
ica, 39 S. Dearborn St., Chicago 3, Ill. 

A.S.T.M. participates in the work of 
the Color Council and has several dele- 
gates thereon. 
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Adnmiral Hussey New 
A.S.A. Secretary 


Vicz-Admiral George 
F. Hussey, Jr.. USN (Ret.), has 
been appointed Secretary and Ad- 
ministrative Head of the American 
Standards Association, succeeding 
Dr. P. G. Agnew, Secretary for the 
past 28 years. Announcement of 
the appointment by the Board of 
Directors was made by Frederick 
R. Lack, A.S.A. President, who is 
Vice-President of the Western Elec- 
tric Co. Dr. Agnew is remaining as 
Consultant to the A.S.A. Cyril 
Ainsworth, Technical Director and 
Assistant Secretary, will continue 
his activities in the Association as 
Director of Operations. 

Admiral Hussey, who has been 
chosen to succeed Dr. Agnew, 
started his Navy career in 1912 with 
an appointment to the U. 8. Naval 
Academy, and has served in many 
capacities requiring the highest 
order of skill and ability. From 
December, 1943, until his retirement 
on Dec. 1 1947, Admiral Hussey 
was Chief of the Bureau of Ordnance 
of the U. 8S. Navy Department, 
where he was in direct charge of the 
large ordnance production program 
of the Navy. For his service in this 
capacity, he was given the Distin- 
guished Service Medal ‘for excep- 
tionally meritorious service to the 
Government of the United States,” 
and “the exercise of extraordinary 
foresight, administrative ability, and 
forceful leadership in directing the 
design, production, and supply of 
weapons.” ; 

Mr. Lack’s statement pointed 


out that as head of the Bureau of 


Ordnance, Admiral Hussey was re- 
sponsible for its cooperation with 
industry and with other government 
departments on standards of mutual 
concern. Admiral Hussey has won 
the confidence of industry and Gov- 
ernment alike as a result of his 
brilliant administration of the Ord- 
nance Bureau’s program of produc- 
tion for the U. 8. Navy. 


ee 


Bulletin No. 150 


Tue observance of 
centennials, sesqui-centennials, etc., 
is a time-honored custom, although 
the one-hundredth or one-hundred 
and fiftieth issue of a regularly pub- 
lished news medium or journal may 
need no particular comment. How- 
ever, this BULLETIN being No. 150 
in the series, it is opportune to point 
out certain changes that are being 
put into effect and to indicate some 
of the things about the future of this 
publication. Of great significance 
in the Society’s scheme of publica- 
tion is the continuing flow of tech- 
nical papers and reports and pro- 
posed standards which go into the 
Butuetin. In 1947 the total But- 
LETIN pages aggregated 636 com- 
pared with 584 in 1946, and 264 in 
1937. <A large variety of technical 
subjects in the field of materials and 
testing have been covered in recent 
years and the Administrative Com- 
mittee on Papers and Publications 
and the Board of Directors plan that 
the BULLETINS will continue to carry 
a goodly proportion of technical 
papers. 

Beginning with March, 1946, the 
technical material has been segre- 
gated following the news content, 
but not until this current issue has a 
separate numbering system been 
used. The pages of technical ma- 
terial will be numbered consecu- 
tively throughout the year for ease 
of reference, to aid in preparing the 
annual index, and also so that mem- 
bers who may remove the technical 
material from their BuLLEtins for 
binding separately as a permanent 
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| volume can have the pages run con- 


secutively. 

The Committee on Papers, in an 
intensive study of the A.S.T.M. 
publication scheme, is considering 
whether it might not be advantage- 
ous to have eight issues of the BuL- 
LETIN instead of the six that have 
been issued for the past many years. 
No change is contemplated, how- 
ever, in the general setup for some 
months, and when the plans come to 
fruition there will be full announce- 
ment well in advance. 

The BULLETIN is recognized as a 
very desirable medium by manu- 
facturers and distributors of testing 
equipment to call to the attention of 
a large and influential group of in- 


Date GROUP 
January 19, 20 Board of Directors 
January 21 Administrative Committee on Simu- 
lated Service Testing 
February 3 Philadelphia District 


February 2, 3, 4 
February 9-12 
February 9 
February 11, 12 


February 16 
February 17 
February 24, 25 
ing Materials 
February 24 
February 25, 26, 
27 
February 26 
February 26, 27 


April 13 

Engineering) 
May 20 

trict 
June 21-25 
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Schedule of A.S.T.M. Meetings 


Committee A-1 on Steel 
Committee D-2 on Petroleum 
Administrative Committee on Papers Philadelphia, Pa. 
Committee B-4 on Electrical Heating 
and Resistance Alloys 

Papers Committee 

New York District 

Committee D-9 on Electrical Insulat- 


Philadelphia District 
Committee D-20 on Plastics 


Lower Ohio Valley District 
Committee C-1 on Cement 


Committee D-13 on Textile Materials New York, N. Y. 


March 1-5 A.S.T.M. Commirrrrn Wrrx 
March 17, 18, 19 
March 18 Southern California District 


Week of March 22 Northern California District 
New York District (Meteorological 


Western New York—Ontario Dis- 


1948 ANNUAL MEETING AND EXHIBIT 
or Testing APPARATUS 


dividuals and companies the new 
developments and improved equip, 
ment that is available for testing and 
research. 

It is reasonable to assume that a: 
regular review of the BULLETINS as 
they are received will give members 
a good idea of major developments: 
in A.S.T.M. activities; will provide 
some information of other work in 
materials that would be of concerr 
to our people; and also provide con; 
siderable technical material that is 
of rather current interest. 


1948 Nominating Committe 


IN ACCORDANCE with 
the By-laws, providing that the 
Board of Directors shall select € 
nominating committee for officers: 
the Board has considered the report 
of the téllers, L. Drew Betz, Genera: 
Manager, W. H. & L. D. Betz, anc 
P. H. Dike, Assistant Director o 
Research, Leeds & Northrup Co. 
on the recommendation of memberg 
for appointees on the nominating 
committee and has selected the fol 
lowing committee and alternates: 


PLACE 
Philadelphia, Pa. 


Philadelphia, Pa. 
Philadelphia, Pa. 
Philadelphia, Pa. 
Washington, D. C. 


Philadelphia, Pa. 
Philadelphia, Pa. 
New York, N. Y. 


Dayton, Ohio 
Philadelphia, Pa. 
Dayton, Ohio 
Dayton, Ohio 
Denver, Col. 


Washington, D. C. 


Los Angeles, Calif. 
San Francisco, Calif. 


New York, N. Y. 
Niagra Falls, Ont. 


Detroit, Mich. 


January, APAt 


= al 
i 
ti 


The three immediate past-presi- 
ents, P. H. Bates, J. R. Townsend, 
nd Arthur W. Garpedter! serve as 
a members of the 1948 Nomi- 
ating Committee. The committee 
ill meet in March and make nomi- 
ations for each office—president, 
ice-president, and five Members of 
he Board of Directors. The selec- 
ions by the nominating committee 


will be announced to the members 
in the ASTM Buuuerrn prior to 
transmission of official ballots. 


Nominatine ComMirrrer 


Members 


KE. F. Lundeen, Inland Steel Co. 

M. A. Swayze, Lone Star Cement Co. 

W. T. Gunn, American Petroleum Insti- 
tute 

R. D. Bonney, Congoleum-Nairn, Inc. 


ae 


New A.S.T.M. District Centering in Washington, D.C. 


FoLuowi1ne — discus- 
ions with leading Society members 
nd officers in the general area of 
Vashington, D. C., the Adminis- 
rative Committee on District Ac- 
ivities recommended to the Board 
# Directors that a new district 
‘entering in that area be organized. 
Accordingly the Board appointed a 
emporary council with Albert T. 
zoldbeck, who has been very active 
n A.S.T.M. affairs, as chairman 
vo tem. It was the function of this 
emporary group to discuss the me- 
chanics of getting a permanent dis- 
rict organized, including the area 
0 be covered, suggest a name for 
he district, and especially to ap- 
oint a nominating committee which 
would select a slate of councilors for 
submission to ballot of the entire 
nembership in the area. This elec- 
ion is now being conducted by let- 
er ballot under the auspices of the 
Administrative Committee on Dis- 
rict Activities, and the accompany- 
ng box notes the nominees for the 
‘ouncil. 

The nominating committee was 
veaded by Past-President A. C. 
‘jeldner, and serving with him were 
ast-President G. E. F. Lundell, 
ind Messrs. Shreve Clark, F. H. 
jackson and T. C. Jarrett. 

The area which has been sug- 


gested for this new district includes, 
in addition to the District of Colum- 
bia, all of the states of Maryland 
and Virginia except the eastern 
shore, North Carolina, and eastern 
West Virginia, the balance of this 
state being assigned to the Pitts- 
burgh district. 

With the pending organization of 
a district centering in the Cincin- 
nati-Dayton-Louisville-Indianapolis 
area, all of the United States east of 
the Mississippi River except the 
most southerly states will be in 
A.S.T.M. districts, which was the 
aim of the Administrative Commit- 
tee. The Geographic Section of the 
A.S.T.M. Year Book identifies the 
various states and communities in 
the respective districts. Either in 
a direct communication or through 
a detailed article in the BULLETIN, 
members who now are a part of dis- 
tricts as a result of recently ex- 
panded areas, will be advised. 

With the organization of the 
Lower Ohio Valley group there will 
be thirteen A.S.T.M. districts form- 
ally organized. A council elected 
by the local members is responsible 
for the administration of the dis- 
tricts. The personnel of the various 
councils appears on pages 4 to 9 of 
the current A.S.T.M. Year Book. 
As indicated, the purpose of these 


District Meetings in Dayton, Ohio and Philadelphia 


DistRIcT meetings are 
yeing sponsored in Dayton, Ohio, on 
Thursday, February 26, and in 
*+hiladelphia on Tuesday, February 
4, under the auspices of the District 
Souncils in these areas. The Ohio 
neeting is the first effort of a new 
listrict recently authorized by the 
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Board of Directors, in the Cincin- 
nati-Dayton-Louisville-Indianapolis 
area. The temporary council ap- 
pointed by the Board, and headed 
by Chairman Pro-tem J. W. Bolton, 
is taking advantage of the series of 
technical meetings of Committees 
D-9 on Insulating Materials and 
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H. L, Sherman, Skinner & Sherman, Inc. 
Bak Mains, National Vulcanized Fibre 


Respective Alternates 


J. R. Trimble, Tennessee Coal, Iron and 
Railroad Co. 
H. F. Kichline, North American Cement 


Corp. 
L. C. Beard, Socony-Vacuum Oil Corp. 


ne. 

W. T. Pearce Consultant 

W. H. Finkeldey, Singmaster & Breyer 
H. K. Nason, Monsanto Chemical Co. 


districts is to aid in advancing the 
interests of the Society in a given 
locality and furthering the purposes 
for which the Society is organized. 
Periodic meetings are held and the 
councils participate in A.S.T.M. ac- 
tivities in many other ways. They 
function under a charter granted by 
the Board. 


NOMINEES FOR WASHINGTON (D. C.) Dis- 
TRICT OFFICERS 


For Chairman: H. F. Clemmer, Engineer of 
Materials, District of Columbia, Washing- 
ton, D. 

For Vice-Chairman (Washington): G. M. 
Kline, National Bureau of Standards, 
Washington, D. C. 

For Vice-Chairman (Baltimore): <A. L. Feild, 
American Rolling Mill Co., Baltimore, Md. 

For Vice-Chairman (Virginia): Shreve 
Clark, Virginia Dept. of Highways, Rich- 
mond, Va. 

For Secretary: T. I. Coe, American Institute 
of Architects, Washington, D.C 


For Councilors: 


W. D. Appel, National Bureau of Standards, 
Washington, D. C. 

L. W. Ball, Naval Ordnance Laboratory, 
Washington, IDANCH 

A. C. Fieldner, U. S. Department of the In- 
terior, Washington, D. C. 

Age is Goldbeck, National Crushed Stone 
Association, Washington, DC; 

E. L. Holladay, Office of Chief of Ordnance, 
Washington, D. C. 

C. Merritt Hewett, Mexican Petroleum Corp., 
Baltimore, Md. 

E. F. Hickson, National Bureau of Stand- 
ards, Washington, D. C. 

T. C. Jarrett, Koppers Co., Baltimore, Md. 

E. F. Kelley, Public Works Administration, 
F.W.A., Washington, D. C. 

D. E. Parsons, National Bureau of Stand- 
ards, Washington, D. C. 

C. BE. Proudley, N. Carolina State Hwy. and 
Public Works Comm., Raleigh, N. C. 

W. H. Reynolds, American Instrument Co., 
Silver Spring, Md. 

L. J. Trostel, General Refractories Co., Balti- 
more, Md. 

Stanton Walker, National Sand and Grave 
Assn., Washington, Dp. C. 

Bw Es "Whittier, Mt. Vernon-Woodberry 
Mills, Inc., Baltimore, Md. 


D-20 on Plastics being held in Day- 
ton during the week of February 23; 
and Howard Nason, of the Mon- 
santo Chemical Co., one of the coun- 
cilors and very active in D-20 work, 
is handling local arrangements. The 
chief address will be given by Presi- 
dent T. A. Boyd on the subject, 
“Research—Everybody’s Doing It 


11 


Now,” and he will be followed by 
short informal talks providing case 
histories of research by Robert 
Burns, Bell Telephone Laboratories, 
Chairman of Committee D-20, by 
Dr. Purdy of Lowe Bros., and by 
Mr. Nason. An informal dinner is 
to be held prior to the meeting, both 
events being scheduled for the Day- 
ton Engineers’ Club, Jefferson and 
Monument Streets. 


Philadelphia Meeting: 

The Philadelphia meeting was 
postponed from December because 
of Mr. Boyd’s inability to attend 
due to an accident, but he is now in 
good shape and will join Mr. E. T. 
Knight of the Atlantic Refining Co., 
in a discussion on ‘Economics of 
Petroleum” at a meeting at the 
Franklin Institute the night of Febru- 
ary 24. This is taking the form of a 


District Meeting in Los Angeles on Building Construction 


A most interesting 
meeting was held under the auspices 
of the Southern California District 
at the Rodger Young Auditorium in 
Los Angeles on Monday, December 
8. Virgil Rapp, Research Engi- 
neer, Department of Building and 
Safety, City of Los Angeles, spoke 
on “A.S.T.M. Specifications in 
Building Construction,” and Frank 
L. Landon, Assistant District Sales 
Manager for Aluminum Company 
of America, described ‘‘Applications 
of Aluminum in Building Construc- 
tion.”’? Approximately 90 were in 
attendance at the technical session 


and about 60 at the dinner preceding 
the session. Arrangements for the 
meeting were carried out by the 
District officers, R. B. Stringfield, 
Chairman, Consulting Chemical En- 
gineer; H. W. Jewell, Secretary, 
Pacific Clay Products; and C. E. 
Emmons, Vice-Chairman, The Texas 
Company. 

Mr. Rapp developed a very inter- 
esting subject in connection with the 
usé of A.S.T.M. specifications in 
building construction and pointed 
out the value of keeping these 
specifications up to date and the 
bearing that A.S.T.M. specifications 


New York Hears about Controlled Heating 
and Superfast Cooking 


AN EXCELLENT meet- 
ing on induction heating was ar- 
ranged by the New York District on 
December 11 in the Engineering 
Societies Building, New York. 
While the spectacular part of the 
“meeting was a demonstration of 
electronic cooking by A. E. Welch, 
Sales Manager, Radarange Div., 
Raytheon Co., Waltham, Mass., 
involving superfast cooking, the 
other part of the meeting covering 
low- and high-frequency electronic 
induction heating was of equal in- 
terest from the industrial stand- 
point. E. J. Rathsack, Head of the 
Electronics Division, Allis-Chalmers 
Manufacturing Co., Milwaukee, 
described some of the theory and 
numerous applications of true high- 
frequency heating. The induction 
heat can be very carefully controlled 
and can be made to flow selectively 
as the frequency is raised. Depend- 
ing upon the frequency, the heat can 
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be made to penetrate further. Se- 
lectivity is one of its chief assets. 
For deep heating, frequency of a 
thousand cycles can be attained al- 
though a lower cycle will penetrate 
several inches. In addition to con- 
trol of depth of penetration, the heat 
can be confined to certain bands 
through the concentration of a large 
amount of heat and power. 

Mr. Rathsack, whose talk was 
supplemented with a film, pointed 
out that in the soldering and brazing 
field no particular skill in heating is 
required. The induction heating 
has wide applications, for example 
in the manufacture of small motors, 
also for compressor housings. 


Case hardening can be carried out. 


in a relatively few seconds. There is 
little warpage since the core of the 
material is not affected unless ma- 
chining is required. Examples of 
uses here involve wrist pins, piston 
pins, and small parts of that kind. 
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President’s night. The technica: 
chairman will be Past-President 
T. G. Delbridge, long associated with 
Mr. Boyd in the affairs of Com- 
mittee D-2 on Petroleum Products 
and now retired from his long-time 
duties with the Atlantic Refining Co 

All members and committee mem- 
bers in the respective areas will re+ 
ceive by direct mail notices and de+ 
tails of these meetings. 


have on preparation of ordinances 
or other instructions within buildings 
departments. His paper elicitecs 
many questions from the floor ana 
in general the subject was very well 
handled. 

Mr. Landon included in his talk 
some slides giving the progressives 
development of aluminum for con- 
struction work, and explained int 
detail many interesting features: 
which had heretofore been some- 
what of a question mark in the¢ 
minds of construction engineers. 

At the conclusion of the talks, the¢ 
members and guests assembled ini 
separate rooms for further discus-; 
sion and these separate groups 
talked long into the night, evidene-} 
ing an extensive interest in the sub 
ject of building construction. 


In melting applications, the tre-j 
mendous application of power gives: 
excellent results in many cases. The 
original melting of tungsten, for ex-: 
ample, was by induction heat. 

The other feature of the meeting, 
that is, fast electronic cooking, was 
of much interest to everyone con- 
cerned, including the large represen 
tation of ladies. Everyone in the 
audience had a chance to sample 
some steak or a hamburger or a piece 
of pie, all of which were processed inr 
periods of time ranging from 1! 
seconds to a minute and a half. The 
Radarange is used by a number oft 
hotels and restaurants, and those: 
present had no doubt that it has 
most interesting possibilities wher- 
ever food is prepared. 

The District Chairman, Myron 
Park Davis, introduced fhe Pro- 
gram Chairman, H. C. R. Carlson, 
Chief Engineer, Charles Fischer 
Spring Co., Brooklyn, who had set! 
up the prdgenm under the general. 
program committee. He in se 
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atroduced the Technical Chairman, 
1. L. Wyman, of the General Elec- 
ric Co., Schenectady, well known to 
arge numbers of A.S.T.M. mem- 
ers. Mr. Wyman tied the meeting 
eatures together in good fashion. 

It was announced that the next 
aeeting of the Council would be 
eld on February 17, when Dr. 
Valker, Bell Telephone Laborato- 
les, will describe hisnotableresearch 
york in growing crystals for com- 
aunication uses. 


A.S.T.M. District in Chicago 
Production Show 


THe A.S.T.M. Chi- 
ago District Council is arranging to 
ponsor a technical session during 
he forthcoming Chicago Production 
how, March 22-24, inclusive. This 
nnual event is under the auspices of 
he Affiliated Technical Societies of 
Yhicago of which A.S.T.M. is one of 


the member groups. While the 
exact subjects to be covered at the 
A.S.T.M. session have not been 
finally decided, D. L. Colwell, 
Apex Smelting Co., chairman of the 
program committee, together with 
Messrs. J. J. Kanter, Crane Co., and 
G. E. Stryker, Bell & Howell Co., 
District Chairman and Secretary re- 
spectively, are tentatively planning 
to have three papers—one in the 
field of steel, another on plastics, and 
a third dealing with die castings. 

All A.S.T.M. members and com- 
mittee members are cordially invited 
to attend this Production Show. 


March West Coast 
Meetings 


Durine March, Presi- 
dent T. A. Boyd and Executive 
Secretary C. L. Warwick will visit 
the Southern and Northern Califor- 
nia Districts, and will participate in 


Research Problems in Plastics Requiring Investigation 


Subcommittee VIII on Research 
f Committee D-20 on Plastics, has 
ompiled a list of research problems 
vhich should be suitable for investi- 
sation by college and university 
raduate students. The solution to 
hese problems would not only ad- 
rance knowledge in the field of 
jlastics, but would also afford valua- 
le training to students contemplat- 
ng entering this field subsequent to 
ompletion of their scholastic work. 

Subcommittee VIII stands ready 
0 assist educational institutions 
indertaking these investigations by 
fering the assistance of small 
\dvisory committees composed of 
xperienced D-20 personnel. These 
ommittees would act in a consulting 
apacity and such assistance should 
reatly expedite the solution of the 
yroblems listed. 

While the members of Committee 
)-20 who submitted the research 
soblems tabulated below were 
isked to indicate the urgency of 
ach, it was found on careful con- 
ideration that it was difficult, if not 
mpossible, to assign ratings which 
eflected the importance of any 
pecific problem to the industry as a 
vhole. 
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Group A: Behavior of Plastics Under 

Mechanical Stresses with Time and Tem- 

perature as Variables, that 1s, Stress versus 
Strain Relationships 


I. Study of the physics of behavior of 
plastics under impact with the object of 
relating behavior under high rates. of 
stressing to that under the lower rates 
encountered in ordinary testing. 

More specifically: 


(a) What-is the effect of ‘‘stress raisers” 
such as holes and notches? What 
is the skin or surface effect? 

(b) Will impact tests in tension yield 
more information than the con- 
ventional bending type of impact 
test? 

(c) Can impact testing be sufficiently 
closely related to “‘static’’ testing 
so that behavior under impact can 
be predicted from stress-strain 
data under low rates of stressing? 

(d) Can the behavior of plastics at low 
temperatures be related to that at 
high velocities closely enough so 
that one variable may be substi- 
tuted for the other? 

(e) What is the effect of repeated im- 
pacts and can the behavior of 
plastics under repeated impact be 
predicted from data obtained by 
conventional methods? 


II. Studies of plastics under tensile, 
compressive, flexural, and_ torsional 
stresses with the object of adjusting such 
variables as geometry of the specimen, 
points of load application, and rates of 
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technical meetings being arranged 
in Los Angeles and San Francisco 
under the auspices of the respective 
A.S.T.M. councils. The first meet- 
ing is in Log Angeles on March 18, 
and the second one in San Fran- 
cisco on March 25. This latter is a 
joint meeting with the San Fran- 
cisco Chapter of The American So- 
ciety of Mechanical Engineers, while 
the Los Angeles meeting is being 
arranged jointly with the local sec- 
tion of the Society of Automotive 
Engineers. 

At each of these meetings Presi- 
dent Boyd will give a talk along the 
general lines of research develop- 
ments in materials and mechanisms. 
The Executive Secretary will dis- 
cuss A.S.T.M. activities of particu- 
lar interest to the groups participat- 
ing. Further details of the meet- 
ings are being mailed directly to 
all A.S.T.M. members in the respec- 
tive districts. 


stressing, so that standard tests may all be 
made under comparable conditions. 
Specific problems of this generaltypeare: 


(a) What 1/d ratios in compression lead 
to failure without buckling? 

(b) What is the ideal geometry for com- 
pression specimens? 

(c) Development of a standard one-piece 
test specimen for determination of 
properties of molded materials. 


III. The development of standard tech- 
niques for: 


(a) Determining the flexibility and 
“Hand” or “Drape” of thin plastic 
films at various temperatures. 

(bo) Measuring tear resistance of thin 
plastic films. 


IV. Systematic studies of the flow 
properties of the various resins with special 
attention to rates of shear, pressures, and 
temperatures in the ranges encountered in 
molding and extrusion. This information 
should lead to a better understanding of 
flow properties and to flow tests which 
better characterize the flow properties. 

V. Development of a method for de- 
scribing the creep of plastics such that 
from a few measurements the rate and 
amount of deformation can be predicted. 
This method, to be most useful, should be 
applicable over wide temperature ranges 
and should permit prediction of deforma- 
tion under low loads over long periods of 
time. Correlation of creep and second 
order transition temperatures might indi- 
cate temperature at which marked changes 
in creep characteristics occur. 

VI. Studies of the effects of reinforcing 


(over) 
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pigments on the physical and chemical 
properties of plastics. 


Group B 


Studies of the wear abrasion, scratch, or 
mar resistance of plastics with the object 
of relating these properties to other 
mechanical properties or to the detailed 
chemical or physical structure. 

Specifically, a study might be made of 
the energy required to scratch, indent, 
abrade, or otherwise deform the surfaces 
of plastics. 


Group C 


Studies of the permanence of plastics in 
various environments with the object of 
learning what chemical and physical 
changes occur in plastics as a result of 
aging, of elevated temperatures, of sun- 
light, and of weathering. 

Specific problems of this general type 
include: 


(a) Studies of the time after molding re- 
quired for molded articles to attain 
their final dimensions, and of 
methods for shortening this time. 

(b) Development of an _ accelerated 
weathering device which correlates 
fully with outdoor exposure; to be 
most useful, such a device should 
accommodate a number of speci- 
mens each of which should be 
large enough for several physical 
tests and the device should require 
a minimum amount of attendance 
—not more often than once in 24 
hr. 

(c) Development of physical or chemical 
methods for determining or esti- 
mating the degree and course of 
deterioration of plastics under 
various environments. A method 
for detecting the very early onset 
of such deterioration would be 
helpful in shortening the time re- 
quired for studies in permanence. 


Group D 


Studies aimed at the compilation of data 
which are not currently available. 


DISTRICT PAPERS 


Epitors Note:— 


The papers published in condensed form 
below were presented at meetings spon- 
sored by A.S.T.M. Districts in Buffalo 
and Philadelphia. Mr. Bouvet’s paper 
was part of a technical session on Textile 
Fibers, other contributions on this subject 
having appeared in the December BuLuiE- 
tin. The papers by Messrs. Lutz and 
Barton were given in what is intended to 


Paint—Servant 
By W. H. 


THE MANUFACTURE of paint 
was among the first discoveries of man- 
kind. Every tribe and every race of man 
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(a) Measurements of specific heat over 
temperature ranges which include 
molding and extrusion tempera- 
tures. 

(b) Measurements of thermal conduc- 
tivity of solid and of “foam” types 
of plastics. Correlation of heat 
transfer properties with deteriora- 
tion of physical and electrical 
properties after exposure at high 
temperature over prolonged peri- 
ods would be desirable. 

(c) Measurements of the sound absorp- 
tion properties of solid and of 
‘‘foam”’ types of plastics. 

(d) Measurement of the “second order 
transition” temperature for the 
various plastics; correlation of 
these data with other physical 
properties. 

(e) Resistance of plastic materials to the 
increase of marine growth or foul- 
ing as a result of long exposure to 
sea water immersion. 

(f) The effect of long-time immersion of 
plastic materials in various hydro- 
carbon oils on their physical prop- 


erties. 

(g) The establishment of relationships 
between maximum service stress 
and operating temperature for 
plastics. 


Group E 


Studies of methods for characterizing 
the chemical and physical structure of 
plastic. 

Specific problems of this type are: 


(a) Development of methods for the 
identification of plastics including 
plasticizers and other components. 

(b) Development of standard methods 
for the determination of molecular 
weight of polymeric materials. 

(c) Development of methods for charac- 
terizing molecular weight distribu- 
tions in polymers. 

(d) Development of methods for estimat- 
ing the degree of cure of thermo- 
setting resins. 

(e¢) Development of standard methods 


be the first of a series in various districts, 
to give those interested a bird’s eye view 
of a particular industry and some of the 
significant recent developments. It is be- 
lieved that one of the aims of district 
meetings is to provide members with perti- 
nent information and data in the field of 
materials which may or may not be speci- 
fically related to a member’s own daily 
work. There is no question that while 
member A may be primarily concerned with 
the field of rubber, for example, and mem- 


of Industry’ 
Lutz? 
have used paint in some form to adorn 


themselves or their possessions. It was 
not until man began to build wood houses 
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for determining compatibility o 
plasticizers, softeners, lubricants) 
and the like, with various resins; 
cellulosic derivatives etc. 


Group F 

Development of methods for evaluating 
coated fabrics. 

Specifically, methods are needed fon. 

determination of: 


(a) Adhesion of plastic coatings to bai 
fabrics. 

(b) Mildew resistance. 

(c) Resistance to “snagging.” 

(d) Loss of plasticizer by evaporation, 
exudation, mildew, stress exuda- 
tion, skin and hair oil extraction. 

(e) Hydrolysis of plasticizers in presenc 
of resin decomposition products,: 
pigments and fillers as evidence 
by odor. 


Group G 
Development of rapid test methods, th 


results of which could be qualitatively re-- 
lated to A.S.T.M. standard test methods... 


Submitted by C. R. Stock, | 
Secretary, Subcommittee VIII 


Professor McLaren to Speak at 
Adhesives Committee Meeting 


; Ir 1s announced that the? 
program of meetings of Committee D-14} 
on Adhesives in Washington, during the 
A.S.T.M. Committee Week, has been 
augmented by a talk to be given by Pro-- 
fessor A. D. McLaren, Department of’ 
Chemistry, Polytechnic Institute of’ 
Brooklyn. The subject of Professor > 
McLaren’s address will be ‘‘The Funda- - 
mental Properties of the Adhesion of High . 
Polymers to Cellulose.” This topic should - 
be of considerable interest to all members . 
in the field of adhesives, plastics, and pos- - 
sibly paper and textiles. The talk is now 
scheduled for Thursday afternoon, March 
4, 


ber B with steel, in this day and age of 
composites and overlapping of materials 
interest, it behooves all of us to have as 
broad a knowledge as possible. The Ad- 
ministrative Committee on District Activi- 
ties will be glad to have comments on this 
type of meeting which is exemplified by the 
accompanying material presented by 
Messrs. Lutz and Barton. As the ‘‘pio- 
neers”’ in this endeavor we wish to compli- 
ment them on their willingness to co- 
operate. 


in the New World that he came to appre- 
ciate the protective value of paint and 
coined the slogan, ‘Save the surface and 
you save all.” | 


1 This is a somewhat condensed version of a 
paper presented at a meeting in Buffalo on | 
November 18, 1947, sponsored by the Western > 
New York-Ontario District. : | 

2 Technical Director, Pratt & Lambert, Inc., 
Buffalo, N. Y. 
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_ The paint industry today is big business. 
Chere are 1400 paint manufacturers in the 
Jnited States and their combined sales in 
946 amounted to 900 million dollars. 
3ehind these sales figures lie centuries of 
low, paintstaking progress. 

While the oldest painting in existence, 
n a cave in northern Spain, was made from 
0,000 to 50,000 years ago, there was little 
mprovement in paint techniques until the 
Middle Ages when the practice of oil paint- 
ng was established, about the year 1400. 

The manufacture of paint as a commer- 
ial commodity did not begin until about 
he Civil War period in this country. 
rior to that time, each painter had tedi- 
usly ground out his pigments on a stone 
lab. The first factory-made paint was 
roduced on a stone mill borrowed from a 
eighboring flour mill. Most modern 
ints are made in either roller or ball 
nills. 

A roller mill consists of a bank of two, 
hree, or five steel rolls turning in opposite 
irections and at different speeds. Pig- 
nent and vehicle are kneaded together by 
he squeezing and shearing action of adja- 
ent rolls. 5 

A ball mill is a steel drum, partially 
led with flint pebbles or steel balls about 
he size of golf balls. The mill turns like a 
oncrete mixer. Brigham Young, the 
Mormon leader, is credited with using the 
rst ball mill for grinding paint. He 
laced a cannon ball inside an iron kettle 
1ounted on a turntable. This produced 
he same effect as in a modern ball mill. 

Since the ball mill requires no attention 
rom the time of loading until discharge, it 
s becoming a favored piece of equipment. 
. roller mill, however, will produce higher 
loss finishes than either ball or stone mills. 

_The common term “grinding”’ is really 
misnomer, since the main function of 
aint mills is thorough wetting of the pig- 
1ent by the vehicle. 
Not until the 13th century was painting 
2cognized as a trade or craft, and it took 
nother seven centuries to develop the 
aint spray gun, which appeared in 1911. 
ts labor-saving features were quickly 
ecepted and industrial painting on a mass 
roduction scale really began. 
The spray gun was the invention of an 
bscure and erratic country doctor named 
e Vilbiss. Dr. de Vilbiss invented an 


tomizer for dosing nose and throat tis-- 


ues. This was the forerunner of the per- 
ime atomizer and the paint spray gun. 
ll work on the same principle. 

Faster painting methods brought a de- 
1and for faster drying finishes. This led 
> the development of lacquer, ‘‘4-hr.”’ 
namels, and finally to finishes which dry 
1 a matter of minutes at elevated tem- 
eratures. 


aw Materials: 
The principal change in paint since the 
eginning of time has been in the vehicle 
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portion. We still use the earth colors and 
bone black that were used in the cave 
drawings, although many new pigments 
have been developed and they have con- 


tributed to the advance of paint tech- 


nology. 

What are some of the raw materials that 
enter into the production of paint and 
varnish vehicles and where do they come 
from? 

A large paint factory carries an inven- 


_ tory of over 500 different raw materials. 


These materials are gathered from every 
corner of the globe. Fully half of the ma- 
terials fall into two general classes—vege- 
table oils and resins. For vegetable oils, 
the paint industry depends upon interna- 
tional agriculture, the crops of which are 
affected by wars in Asia, politics in Argen- 
tina, and droughts in this country. For 
resins, it depends upon native labor in far- 
off Indonesia, coke ovens in Pittsburgh, 
and naval stores in Georgia. For other 
raw materials, it depends upon mines, oil 
wells, and chemical plants everywhere. 
Vegetable oils belong to a class of sub- 


‘stances known commercially as fats and 


oils. Some fats and oils, like linseed oil, 
dry to a hard film and make good paint; 
others, like cottonseed oil, never dry or 
harden and are used in soap and food- 
stuffs. An oil “dries” if its molecular 
structure permits it to absorb oxygen from 
the air. 

The paint industry consumes more than 
500,000,000 pounds of fats and oils each 
year. About 70 per cent of this amount is 
used jn the form of linseed oil. This is the 
most important single raw material used 
by the industry. It is produced by 
squeezing the oil from flaxseed. Flax, the 
common ancestor of both linen cloth and 
paint, is cultivated in one way to yield 
linen fiber and in another way to yield an 
abundance of seed. Flax is grown exten- 
sively in the United States, Canada, Argen- 
tina, and Russia. In the United States, 
two states—North Dakota and Minne- 
sota—provide about three-quarters of all 
the flax acreage. In normal times, 15 per 
cent of the linseed oil used by the paint 
industry in this country is pressed from 
Argentine flaxseed. 


China wood oil or tung oil ranks second 
to linseed oil in paint-making importance. 
Marco Polo is said to have been the first 
to name the oil “China wood oil’ during 
his travels in Cathay in the 14th century. 
Tung oil has protected Chinese junks for 
centuries, but in the United States it has 
been an important paint material for less 
than fifty years. The work ‘‘tung’’ is 
Chinese for heart and apparently refers to 
the heart-shaped leaves of the tung tree. 
Tung oil is derived from the nuts of the tung 
tree; these nuts look something like russet 
apples. 

The supply uncertainties and economic 
hazards associated with the importation of 
tung oil were early recognized and tung 
nuts for growing experiments in this coun- 
try were widely distributed but it remained 
for a Florida cemetery to grow the first 
tung tree to maturity in the United States. 
Today, there are thriving groves of tung 
trees throughout the Gulf states, but these 
groves provide less than 5 per cent of the 
normal requirements of the paint indus- 
try. 

Tung oil is normally more expensive 
than linseed oil, but it dries faster and is 
more water resistant. In wrinkle finishes, 
tung oil is the ingredient responsible for 


. crinkly texture. 


Linseed oil and tung oil are drying oils. 
The paint industry also uses castor oil, a 
nondrying oil, and soya oil, a semidrying 
oil. Castor beans are grown in Brazil; 
soya beans are a domestic crop. 

In recent years, castor oil has moved out 
of the medicine cabinet into the paint in- 
dustry’s storage tanks. It its original 
state, castor oil is of little value in paint, _ 
but chemists have been able to convert it 
into a useful drying oil, known as dehy- 
drated castor oil. Modified soya oil too 
can be used as a drying oil. These modi- 


- fied oils are frequently used as substitutes 


for linseed oil and tung oil. 

Oil may be used alone as a paint vehicle 
and is actually used that way in exterior 
house paint, the vehicle of which is largely 
linseed oil. Straight oil vehicles have 
several disadvantages, however—espe- 
cially from an industrial standpoint. 
Paints made from them dry slowly, level 
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poorly, and have only moderate gloss. 
These disadvantages can be overcome by 
combining resin with oil in the form of 
varnish. Varnish can be used as a clear 
coating or as a vehicle in making enamel. 
An enamel is merely a paint which dries 
with exceptional gloss and smoothness. 


A Typical Varnish: 


It may be of interest at this point to 
trace through the manufacture of a typical 
varnish. First, oil and resin are measured 
out in the proper proportions in a varnish 
kettle. The ingredients do not combine 
at room temperature but have to be re- 
acted at temperatures between 450 and 
600 F. Varnish is cooked at this tem- 
perature until the molten mixture 
“strings” as it drains from the stem of the 
varnish maker’s thermometer. After the 
varnish “‘strings,” it is allowed to cool and 
is then thinned to proper consistency with 
turpentine or mineral spirits. Next, drier 
is added. Driers are metallic soaps of 
lead, manganese, and cobalt. They serve 
as catalysts and accelerate the drying and 
hardening of paint and varnish. The 

‘varnish is now filtered through a press or 
passed through a centrifuge to remove dirt 
and undissolved matter. It is finally 
pumped into bulk storage tanks, where the 
varnish gains clarity and brilliance as it 
ages and as the less soluble ingredients 
sludge out. 

In varnish, oil makes the film tough and 

elastic. Resin makes it dry faster and 
harder and gives it gloss and body. The 
proportion of oil to resin, and the type of 
each ingredient, determine the qualities of 
the finished varnish. Varnishes contain- 
’ ing a large proportion of oil are called 
“Jong oil” varnishes; those containing a 
small proportion of oil are called ‘short 
oil” varnishes. ‘Long oil’? varnishes are 
more durable than “short oil’ varnishes 
but the latter dry more positively and are 
used mainly in interior and industrial 
finishes. 


Resins: 


The resins used by the paint industry 
are usually divided into two classifica- 
tions—natural and synthetic. 

Nature has provided a variety of resins, 
but rosin is one of the few natural resins 
familiar to the public. It is probably best 
known for its association with violin bows 
and the prize ring. It is derived from the 
sap of the longleaf southern pine. The 
sap is collected in much the same manner 
as maple sap but instead of being boiled, 
pine sap is distilled. The residue is rosin; 
the distillate is turpentine. 

The best natural resins come from 
Africa, Malaya, New Zealand, and the 
East Indies and are known as fossil resins. 
They are the hardened (or fossilized) secre- 
tions from trees that lived hundreds of 
years ago. The resins are dug from the 
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_ to produce fast-drying finishes. 


earth long after the vegetation from which 
they originated has decayed. Rosin var- 
nishes are cheap but are brittle and whiten 
in contact with water; fossil resin var- 
nishes are tougher, more serviceable and 
more water resistant. Fossil resins, how- 
ever, have been largely supplanted by syn- 
thetic resins because the latter are uniform 
and are not dependent upon gathering 
agencies and ocean shipping facilities on 
the other side of the globe. 

The first man-made resin to attain wide- 
spread use was ester gum and it is still 
popular. Hster gum is made by reacting 
rosin with glycerin. Ester gum bears little 
resemblance to rosin for it produces tough 
and water-resistant finishes. 


Synthetic Resins: 


Ester gum is man made, but it is not 
generally regarded as a synthetic resin. 
The paint industry usually defines a syn- 
thetic resin as one which is made from non- 
resinous organic chemicals. There are 
literally dozens of synthetic resin types, 
each with its own specialized applications, 
but only four types are produced in sub- 
stantial tonnages. They are the phenolics, 
the alkyds, the amino resins, and the vinyl 
resins. In 1946, 380,000,000 lb. of these 
four resin types were consumed in paint. 

In discussing synthetic resins, it is diffi- 
cult to tell where the paint industry leaves 
off and the plastics industry begins. The 
synthetic resins used in paint are blood 
relatives of the molding and casting com- 
pounds consumed by fabricators in the 
plastics field. As much as 38 per cent of 
all plastic materials are used in protective 
coatings; only 25 per cent are used for 
molding and casting. 

Phenolic resin was the first synthetic 
resin. It is popularly known as ‘“Bake- 
lite,” but ‘‘Bakelite” is the trade name of 
resins made only by the Bakelite Corp. 
The first phenolic resins were manufac- 
tured by reacting phenol (carbolic acid), a 
germicide, with formaldehyde, an embalm- 
ing fluid. Today, simple phenol has been 
largely replaced by complex phenols and 
substituted phenols and the resins are fre- 
quently modified with rosin. When 
phenolic resins were introduced in 1910, 
the paint industry made several abortive 
attempts to use them in place of fossil 
resins, but it was not until 1926 that they 
were widely and successfully used in 
paint. Their acceptance at that time 


- paralleled the overnight growth of the 


lacquer industry which had created a de- 
mand for fast-drying finishes. Thus the 
first appeal of phenolic resin was its ability 
In addi- 
tion, phenolic finishes are tougher and far 


more alkali and moisture resistant than. 


finishes containing most other resins. 
Industrial examples of the use of phenolics 
are provided by interior food can coatings 
which must withstand pasteurizing or 
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cooking treatments; and collapsible tube: 
enamels requiring resistance to alkali. 


Alkyd resins are comparative newcom- | 
ers, but they have won a very important 
place. An alkyd is defined as the reaction 
product of a polyhydric alcohol, such as 
glycerin, and a polybasic acid or anhy- 
dride, such as phthalic anhydride. The 
earliest alkyds were simply glyceryl 
phthalate resins, but most commercial 
resins of today are modified with vegetable | 
oils, oil acids, or other resins. Phthalic — 


anhydride is obtained from naphthalene, , 


which is a coal-tar derivative. 


As a class, alkyds are characterized by 
good adhesion, pale color, and unusual ex- 
terior serviceability, including good gloss 
and color retention on exposure. Probably 
the most extensive use of alkyds has been 
in the automobile field. The finish on 
Ford cars is a familiar example. Alkyd 
finishes are also widely used for the finish- 
ing of metal furniture, fixtures, mechanical 
devices, and automotive parts. 

The alkyds have been combined within 
the past few years with amino resins to 
yield unique industrial finishes. In these 
finishes, the alkyd serves primarily as a 


plasticizer for the amino resins, which by | 


themselves are very hard and brittle and 
lack adhesion. 


There are two main classifications of 
amino resins—the ureas which are made 
by condensing urea with formaldehyde and. 
the melamines which are made by reacting 
cyanamid with formaldehyde. ; 


Urea-alkyd and mélamine-alkyd fin- 
ishes are hard and mar resistant. Unlike 
the finishes thus far discussed, they will not 
air dry but must be cured at temperatures - 
ranging between 225 and 350 F. They 
make exceptionally fine white enamels 
which can be baked at these temperatures 
without discoloration. These enamels 
have been widely used on household apphi- 
ances, such as stoves, washing machines, 
and refrigerators. This fact is ample evi- 
dence of their mar resistance, toughness, 
and color permanency. 


The vinyl resins constitute a large and 
important group of synthetics. They are 
derived by reacting acetylene with acetic 
acid and hydrogen chloride. The vinyls 
were first used commercially as the sand- — 
wich spread in making laminated safety 
glass. This fact indicates two of their 
dominant characteristics, namely, water- 
white color and excellent color perma- 
nency. They are also flexible, resistant to 
corrosive chemicals, and, in addition, are 
odorless and tasteless—qualities which 
made them popular as coatings on the in- 
side of prewar beer cans. The vinyl resins 
are costly, rather difficult to apply, and 
require baking for maximum adhesion. 
These disadvantages did not discourage an 
enormous wartime usage in the production 
of army raincoats and other fabrics. They 
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e currently finding favor in the fabric 
d paper coating fields. 


Wequer: 


There is one remaining widely used type 
finish, and that is lacquer. Though it is 
ing discussed last, it is by no means least 
portant. Lacquer differs from most 
her coatings in that it dries solely by 
lvent evaporation. In contrast, oil, 
wnish, and synthetic resin coatings dry 
r chemical change, that is, oxidation or 
lymerization. Lacquer consists of a 
lution of nitrocellulose in organic sol- 
mts, together with modifying agents, such 
plasticizer and resin. Nitrocellulose 
oks like ordinary cotton and is made by 
acting cotton linters with nitric acid. 
acquer dries fast and produces a hard, 
ugh film, but it has the disadvantage of 
ftening and sometimes redissolving in 
cohol and certain other organic solvents. 
his factor is of importance when lacquer 
used to finish table tops and dresser tops 
1 which liquor or perfume may be spilled. 


ginal Camouflage: 


The public ordinarily associates lacquer 
ith automobiles, but clear lacquers were 
ed on metal long before the automobile 
as conceived. Lacquer traces its com- 
erical history back to the brass bed era. 
rass beds originally were lacquered in 
der to prevent tarnishing, but ultimately 
1other motive developed. Someone dis- 
vered that low copper content brass 
uld be made to look like more expensive 
gh copper content brass by coating it 
ith lacquer tinted with yellow dye. This 
as one of the first commercial uses of 
int as camouflage. Another case of 
mouflaging is provided by blue razor 
ades and clock springs, both of which are 
ven the color of highly tempered steel by 
equer containing transparent blue pig- 
ent. 

Clear lacquers are used in preference to 
nish on decorative metals because they 
) not alter the appearance of the metal to 
ly great degree. Lacquered silverware 
ustrates the advantage of lacquer in this 
spect. ; 


ants: 


People frequently want to know what 
pe of paint is best—whether it is lacquer, 
kyd, phenolic, or some other type of 
ating. There is no one best all-purpose 
int. Each paint type has its own virtues 
id limitations. 

Industrial paints are ordinarily custom 
lilt to meet the special requirements of 
e industrial user. If one particular 
aracteristic is all-important, it can usu- 
ly be built into paint—but only by mak- 
x sacrifices in other qualities. 

Paint is a peculiar commodity in that 
e user buys it in liquid form but expects 
rtain standards of dry film performance. 
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The paint manufacturer may carry on ex- 
tensive research and produce a finish of the 
highest quality, but the moment his paint 
reaches the user, it is at the mercy of the 
person who applies the paint. 


Surface Preparation and Applying: 


Two factors are almost as important as 
paint quality in producing a good paint 
job. They are proper surface preparation 
and proper application. Proper surface 
preparation includes the cleaning, sanding, 
priming, and surfacing operations on wood 
and metal prior to the application of finish 
coats. Proper application involves the 
selection of a suitable painting method and 
skill in using that method. Industrial 
finishes are usually applied by spray, dip, 
roller coat, or knife methods. 


About 85 per cent of all industrial paints 
are sprayed. Spray painting is the most 
flexible method of applying industrial 
paint for it can be adapted to any type of 
article. Electrostatic spraying attained 
considerable importance during the war 
years. In this process, the paint particles 
after leaving the spray gun pass through 
an electrical field where they become 
charged. The charged particles are at- 
tracted to the work which is grounded, 
and overspray is minimized. The process 
is very effective for coating irregular, 
spindly objects like wrought-iron garden 
furniture where large spray losses usually 
occur. 

Next to spraying, dipping is probably 
the most popular industrial painting 
method. Dipping is best adapted to rela- 
tively small objects, like tools and towel 
bars, which have geometrically uniform 
shapes. The proper suspension of objects 
during the draining and drying period re- 
quires considerable ingenuity in order to 
keep flow marks and drips inconspicuous. 
Dipping always produces greater film 
thickness at the bottom of an object than 
at the top, and it invariably leaves a ‘‘tear 
drop” at the point of drainage. 

In gasket dipping, the painted object is 
fed through a flexible collar to remove ex- 
cess paint. The applicability of gasket 
dipping is limited to long objects having a 
uniform cross-section such as enameled 
wire, broom handles, and pencils. 


A roller coating machine looks like an 
enlarged household wringer. The object 
being finished is fed between the rollers, 
one of which applies the finishing material. 
Roller coating is limited to flat sheets and 
is widely used by the metal decorating 
industry. A modified roller coater is used 
for painting collapsible tubes. 

Knifing is largely confined to cloth, 
paper, and fabric coating. In this method, 
the surface being coated is pulled under a 
rigid bar or knife, behind which is fed a 
supply of coating material. The knife 
spreads the coating uniformly. 
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Novel Paint Uses: 


There are many novel uses of paint. 
Manufacturers of cheap jewelry consume 
considerable paint in the form of so-called 
pearl essence lacquers. Pearl essence is a 
by-product of the fishing industry. Fish 
scales contain an organic substance which 
when dispersed in lacquer produces a pear]- 
like, opalescent effect. i 

Cheap taffeta is given a rustle like the 
richest of silks by stiffening it slightly with 
lacquer. 

Artificial fur is produced on novelties and 
on toy animals by a so-called flocking 
operation. A coat of colored enamel is 
applied and is then dusted with short tex- 
tile fibers while the film is still wet. After 
the adhesive dries out, the finished object 
feels and looks like suede. 

Hammered metal finishes have become 
extremely popular in recent years. Origi- 
nally they were produced by applying 
paint and then spattering the wet film 
with thinner. Now they can be produced 
in a single operation by applying the finish 
in a poorly atomized state. 

Playing cards are given the slippery feel 
that is needed for shuffling and dealing by 
a coat of lacquer. This lacquer must be 
moisture and alcohol resistant. 

Few people realize that new rubbers and 
overshoes owe their shiny appearance to 
varnish. The varnish is an especially 
elastic and durable one and it is applied on 
the uncured rubber while the latter is held 
in shape in its mold. The varnish is baked 
in the same operation that cures the rub- 
ber. 

One interesting wartime aircraft paint 
development warrants brief mention. At 
the beginning of the war, all of our planes 
were camouflaged with low-gloss, nonre- 
flecting paint. The paint film weighed 
from 75 to 80 lb. in the case of a 4-engined 
plane like a B-17 Flying Fortress. When 
the military initiative passed into our 
hands in the later stages of the war, the 
importance of defensive camouflage was 
superseded by a need for increased plane 
speed and greater range. By replacing 
low-gloss camouflage paint with smooth, 
glossy paint, air resistance was decreased, 
the paint film weighed less, and top speeds 
were increased 1 to 2 per cent. This in- 
crease in. speed is not spectacular from a 
percentage viewpoint, but it frequently 
meant the difference between the success 
and failure of long missions. 

Paint is synonomous with color and, as 
you know, color is related to heat. Dark- 
colored paints absorb heat; light-colored 
paints reflect heat. Professor Piccard, the 
Swiss balloonist, verified this fact on his 
first flight. He had painted his balloon 
gondola black and at an altitude of several 
miles above the earth, the temperature in- 
side registered 100 F. although the outside 
temperature was —72 F. 

The same idea is applied in reverse in 
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the painting of petroleum bulk storage 
tanks. These tanks are painted white 
aluminum, or other light color in order to 
reflect heat and thus minimize the evapo- 
ration loss of materials stored in the tanks. 

Whether paint is applied on a gasoline 
storage tank, a washing machine, or a toy, 
it serves two broad purposes—decoration 
and protection. Paint literally protects 
the wealth of this country. Without paint, 
metal rusts and wood decays. Experts 
have estimated that paint saves the 
American public 34 billion dollars annu- 
ally in preventing needless destruction of 
wood and metal. But industrial paint 
makes an added contribution. 
happiness to millions of Americans in the 
form of colorful furnishings and appli- 


It brings — 


ances, eye-catching gadgets, and bright 
hued, shiny automobiles. 
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Recent Development in Portland Cement? 
With a Thumbnail Sketch of the Industry 


By J. F. Barton? 


Somp History AND Data: 


The first American portland cement 
was made by D. O. Saylor in 1872 at 
Coplay, Pa. This plant is still in opera- 
tion. Today we have 151 active plants 

located in 33 of our 48 states. 

In 1880 the production of portland ce- 
ment in the United States was 42,000 
barrels compared -with the 1946 production 
of 163,805,000 barrels. The production 
rate in 1947 through the month of May 
was 74 per cent of rated capacity. The 
unprecedented demand will result in 
production of well over 200,000,000 bar- 
rels for 1947. 

To appreciate the magnitude of the job 
being accomplished, consider the tonnage 
of basic raw materials that are mined or 
quarried, and processed in order to manu- 
facture 163,805,000 barrels of portland 
cement. They are: 


Calcareous materials— 
mainly limestone and 
COMentmemmn setae A. 

Argillaceous materials 
—nmainly shales, 
clays, and blast fur- 


36,905,000 tons 


nace slag. . 11,950,000 tons 
Fuel—mainly ’ bitumi- 
nous coal.. 7,000,000 tons 


Oil and gas fuels are not included here, 
although they are important in the South- 
west for cement burning. It requires 600 
to 615 lb. of raw materials to produce 376 
lb. of portland cement clinker. Coal con- 
sumption will average 100 lb. per 376 lb. 
of clinker, using 13,000 Btu. fuel. Other 
materials, such as grinding aids and air- 
entraining agents, amount to several 
million pounds each year. These addi- 
1 Abstract of a paper presented Bt the Buffalo 
District Meeting on November 18, 


2 Chief Chemist, Federal ened, Cement Co., 
Inc., Buffalo 5, N. Y. 
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tives range in cost from 6 to 18 cents per 
lb. 

Much technical skill and close manu- 
facturing control go into the manufac- 
ture of cement. The raw materials are 
processed in a continuous operation 24 
hr. per day and flow continuously through 
the process of burning, grinding, and 
storage in large bulk silos. 

The cost of a cement plant based on 
prewar prices varies, depending on size, 
from two to six million dollars. The 
United States Geological survey is credited 
with the following statement, ‘That price 
of the product sold from mills involving 
the above capital investments is so low 
that one could not scrape the free sand 
from the gutters of our streets and high- 
ways at much less cost per pound.”’ 


PorTLAND cement develop- 
ment ties in directly with its use in con- 
crete and in this respect specifications and 
testing methods are important. 

Prior to 1934, there were two basic 
types of portland cement used in general 
concrete construction—standard A.8.T.M. 
C 9 cement and high early strength ce- 
ment. Today A.S.T.M. specifications 
provide for five basic types of portland 
cement and modifications of types 1 and 
2, the air-entraining cements. The back- 
ground and development of the modified 
or, better termed, air-entraining cements 
are of much interest. A.S.T.M. Com- 
mittee C-1 on Cement has played an im- 
portant role in guiding developments. 

In 1934, the U. S. Bureau of Reclama- 
tion requested bids on portland cement 
for use in the Boulder Canyon Project 
under their specification No. 566. This 
cement, termed “low heat,” was the fore- 


ASTM BULLETIN 


H. Dispersions, Jan., 
and April, 1942. 

(7) Geo. B. Heckel, “A Century of 
Progress in the Paint Industry,” 
Paint Oil and Chemical Review, 
Oct. 5, 1938. 

(8) E.D. Peck, ‘‘New Ingredients Make 
Better Print for Better Protection,” 
Wood, Nov., 1946. 


Feb., Mar., 


(9) Lenore Kent, ‘Paint Power,” 
Thomsen-Ellis-Hutton Co., Balti- 
more (1947). 
(10) R. H. Wampler, ‘Modern Organic . 


Finishes,’’ Chemical Publishing Co., | 


Brooklyn (1947). 

“War-Time Aircraft Finishes Used 
by the Army Air Forces,”’ Scientific 
Section Circular 714, National 
Paint, Varnish and Lacquer Assn., 
Inc. (1946). 


(11) 


runner of type 2 moderate heat of hydra- 
tion cement of A.S.T.M. Specifications 
C 175. With such a great mass of con- 
crete to be placed in the Hoover Dam, the 
engineers readily saw the need for a ce- 
ment that would, upon hydration, de- 
velop lower heat of reaction than was 
possible with the then standard gray 
portland cement. 
potential that could result from excessive 
heat of hydration in a mass of concrete 
as large as Hoover Dam was determined 
as sufficient to cause internal disruption 
by expansion almost to the point of ex- 
ploding the mass, hence the desirability 
for low heat of reaction cement and the 


The volume change 


subsequent development of our present- | 


day moderate and low heat cements. 
Even though the dam was built with 
low heat cement, refrigerating pipes were 
constructed into the dam and cooling 
brine was pumped through to control the 
cooling of the mass. The low heat ce- 
ment, however, lowered the cost by lessen- 
ing the heat generating problem. This 
was one of the first cement specifications 
that gave recognition to cement com- 
pound composition and made them part 
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f the requirements. A.S.T.M. Com- 
nittee C-1, with its diversified personnel, 
vas a logical group to study and evaluate 
he theories which led to promulgation of 
he specification. The cement was recog- 
lized as being low in aluminates. The 
lumina phase of cement compounds has 
een under examination by many of the 
aboratories represented on the committee 
or some time as a possible clue to elimi- 
ating some of the unstable compounds 
f portland cement. 

About this time there was increasing 
‘vidence of scaling of concrete pavement 
urface from repeated application of cal- 
‘ium and sodium compounds for ice re- 
moval. There was laboratory evidence 
that the low-alumina cements were more 
esistant to this condition of service. 
The work that followed has developed 
yur knowledge of the four major com- 
sounds known to exist in well-burned 
ortland cement and the relation of these 
najor compounds to cement and concrete 
lurability. They are not the final answer 
‘or cement and concrete durability, how- 
ver. 

The Department of Public Works of the 
state of New York has pioneered in 
soncrete-surface durability research and 
studies. It was through construction 
nethods, aggfegate characteristics and 
aboratory analysis of cements used in 
gavements throughout the state that 
gave us our first clue to air-entrained ce- 
nents. One Hudson Valley cement stood 
yut above all others in durability rating. 
Chemically, it paralleled the low-alumi- 
1ate cement for Hoover Dam but it pro- 
juced a lighter weight concrete. After 
sonsiderable study it was learned that 
this cement entrained more air than other 
sements of the same composition. The 
‘eason was traced to some lubricating oil 
rom the bearings of the grinding unit 
Neing ground into the cement. The 
mount was small, yet sufficient to give 
1 special property to this cement. 

This discovery set off a series of in- 
yestigations that are continuing. We 
ave a general understanding and many 
lata on the successful usage of air-entrain- 
ng cements. 

In the period between 1934 to 1941 there 
vere rapid and important developments 
n cement specifications resulting in the 
doption of the five types of cement as 
tandards of the Society in 1941. The 
.eceptance of air-entraining cement as an 
\.S.T.M. Tentative Specification (C 175) 
ame in quick succession. 

With changes in portland cement speci- 
ications came improvements in the 
cience of cement manufacturing and 
esting. The meaningless 200-mesh sieve 
est for fineness was replaced with the 
nore scientific Wagner turbidimeter which 
itilizes the photoelectric cell or electric 
ye and microammeter to measure ce- 
nent surface area. 
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Under the impetus of higher fineness 
requirements, the industry has almost 
universally adopted air separators in 
closed circuit with grinding units to pro- 
duce a more uniform fineness and much 
better particle size distribution. With 
the turbidimeter we can accurately meas- 
ure. particle sizes ranging from 7.5 microns 
to 65 microns. Values obtained by the 
turbidimeter are expressed as surface area 
in terms of square centimeters per gram. 
This tool has made it possible to set up 
better routine control on cement grinding. 
Work is now under way in a subcommittee 
of Committee C-1 toward measurement 
of particles finer than 7.5 microns. 

The Society acted quickly to follow the 
lead of the portland cement industry in 
adopting the autoclave test for soundness. 
The industry acted voluntarily to put this 
into effect in February, 1937. It has pro- 
vided a better gage of volume change 
which is caused by the hydration reac- 
tion in cement. The older pat test was not 
devendable. 

Better knowledge of the reactivity of 
some of the oxides in portland cement, 
principally calcium oxide and magnesium 
oxide, showed that stability of these 
oxides has an important influence on ce- 
ment soundness.. The autoclave test 
provides an excellent tool for determining 
the degree of stability. 

Committee C-1 activity in developing 
and standardizing chemical tests for free 
or uncombined lime has aided materially 
in the development of more uniform burn- 
ing of cement. Work now under way on 
the alkalies in cements and their activity 
with reactive aggregate promises to be 
another major step toward the solution 
of the concrete durability problem. 

Research on the influence of gypsum on 
the hydration and properties of portland 
cement pastes by William Lerch showed 
that the amount of gypsum required to 
properly retard setting reaction of cement 
varied with the amount of compounds 
found in each type. A more liberal speci- 
fication for SO; contents is another im- 
portant step in promoting volume change 
stability. 

Experience with air-entraining agents 
and tests developed to determine their 
reactivity in cement has given us the 
“know-how” to produce a uniform de- 
pendable product. The user of air- 
entraining cement today need not fear 
radical variations in air content, such as 
was experienced during the early develop- 
ment of these products. 

Types I and II cements are being 
treated with air-entraining agents with 
equal degree of success. Some work has 
been done on treating type III cement 
with air-entraining agents, but data are 
not yet available. Air-entraining cements 
have made it possible to build good con- 
crete with poorly graded aggregates with- 
out fear of placement troubles and mix 


ASTM BULLETIN 


segregation. The use of blast-furnace 
slag as aggregate in concrete has been in- 
creased through the lubricating property 
of air-entraining cement. This statement 
is generally true for all angular aggre- 
gates. Fear of segregation of concrete 
components during placement in close 
form work or where reinforcing steel 
acts as an obstacle in concrete placement 
is to a great extent eliminated by the use 
of air-entraining cement. ; 

Early use of air-entraining agents was 
confined to intergrinding with the cement 
in sufficient quantity to produce, when 
used in concrete, 3 to 5 per cent of air. 
There is now a strong trend to add air- 
entraining agents directly to the concrete 
at time of mixing where the amount of 
agent can be readily varied depending 
on air development. 

If this trend continues, it will simplify 
the congested storage problem for differ- 
ent type of cement. 

There is another recently developed 
approach to air entrainment in concrete. 
It can hardly be called a cement develop- 
ment, yet the material adds valuable prop- 
erties to concrete. The material, a finely 
ground blast-furnace water granulated 
slag, has delayed cementing properties in 
itself with the ability to hydrate normally 
in the presence of portland cement. Such 
a slag has been classified for a long time 
as an artificial puzzolana. An air-en- 
training agent when interground in proper 
amount with this puzzolana material will 
effect a close control of the air when the 
puzzolana is used as a replacement for 
part of the portland cement. Pugzolanas 
are not new, since the ancient Romans 
used natural puzzolanas in the form of 
voleanic ash to build enduring concrete. 
Puzzolana activity in cement is under 
investigation and it promises to lead us 
to the development of some very impor- 
tant new types of cement. 

Although I have stressed air entrain- 
ment, each cement has a proper place in 
our economy. It is for the user to under- 
stand better where and when to use the 
various types of cement that are made 
available to him. 

With reference to this general state- 
ment, I wish to call attention to the Con- 
crete Experimental Farm of the Portland 
Cement Assn. near Chicago, Ill, part 
of the long-time study program of con- 
crete durability of the association. Con- 
crete specimens in the field for seven years 
include slabs, beams, piers, pilings, and 
hollow boxes. Treatment of concrete sur- 
faces for deicing has been part of the 
program. Twenty-seven cements, in- 
cluding all of the A.S.T.M. C 150 cements 
(five types) and both cements in A.S.T.M. 
Specification C 175 were used in com- 
bination with good and poor aggregates. 
Mix designs were varied to include rich, 
intermediate, and lean mixes. The water- 
cement ratio was varied to give very low 
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to very high slump in the conerete, There 
is general agreement among thes who 
have seen this project that all cements 
when used in neher mixes approximating 
GS bags per cu. yd. with sound aggregate 
and mixed to render low stump, are show- 
ing excellent durability after even years. 
The placement of these specimens was 
carefully controlled and safficient time 


was allowed for the conerete to settle in 
the form—in some cases as much as one- 
half hour before the surface was struck or 
finished. These surfaces are withstanding 
weathering. It would seem from this that 
workmanship and placement are very 
important details. 

Finally, I should like to lave this 
thought with you. Through the viligant 


7 Application of Synthetic Fibers, Including Glass, in the Textile Industry’ 
Rene Bouvet, American Viscose Corp. 


Tee ast decade has wit- 
nessed the introduction in commercial 
channels of more true synthetic fibers than 
in any other like period of history. It has 
been exceedingly generous in its challenge 
to the textile world for new heights in 
achievement in the domain of their appli- 

Tt is not likely that anyone could discuss 
and do justice to this imposing group of 
new fibers, including Fiberglas, in the time 
allowed, and it is fortunate that their 
textile applications have been set as bound- 
ary. On the other hand, intelligent usage 
demands thorough knowledge of fiber 
properties so that review of their outstand- 
ing characteristics is in order to support 
the logic of their applications. 

The fibers briefly described are Fiber- 
glas, Nylon, Vinyon, Saran, and Poly- 
ethylene. 


FIBERGLAS 
Barely over a half century ago, the first 
successful coarse glass fibers were drawn 
from the heated ends of glass rods by 
Edward D. Libbey of the Libbey Glass Co. 
Such glass fibers were exhibited at the 
Columbian Exposition in the form of lamp 
shades. While the interest in this type of 
fiber remained keen, nothing construc 
tive took place until 1931 when two leaders 
in the glass field instituted an intensive re- 
search program to develop the production 
of glass fiber in a commercially usable 
form. From that time on, considerable 
advances were made, and fine filaments 
pliable enough io be braided or woven be- 
came a reality within a few years. In 
1938, the Owens-Corning Fiberglas Corp. 
was formed to continue the manufacturing 
of glass fibers, to carry on further research, 
and to apply Fiberglas according to its 
particular properties. 
20 Sea aaa 
ne presented st the 
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ally with respect to the speed at which 
such seemingly fragile filaments are drawn, 
The filaments are drawn at the incredible 
speed of two miles per minute from $ in. 
glass marbles brought to the melting point 
in electric furmaces. The yarn is twisted 
in the single and then generally pled, for 
very few fabrie constructiens call for the 
use of single ends. 

Continuous filament Fiberglas yarns 
offered under the No. 900-$ size are 51 
deniers and carry 102 filaments so that 
each filament sizes 0.5 denier. The diam- 
eter of such filament is 0.00028 in. or about 
6 microns. With the exception of Poly- 
fiber, there is no other commercial fiber 
of equal fineness in existence. Moreover, 
the 0,0002S-in. filament is relatively coarse 
in Fiberglas parlance, for the type known 
aS superfine, available in the staple fiber 
form, has a diameter of 0.00002 in. or 3 
micron. In fact, it is so fine that it may 
barely be detected with the naked eve. 

Fiberglas has a specific gravity of 2.54 
and is heavier than any other textile fiber. 
Tt offers a remarkable tensile strength 
(63 g. per denier dry, and 6 g. per denier 
wet). Being waterproof and having no 
stretch, it possesses the par excellence di- 
mensional stability. It is noninflammable 
and remains unaffected by heat up to 750 
Fat which point it begins to shrink slightly 
(0.3 per cent). Its softening point is 
1000 F. Tt resists most acids even in 
their concentrated forms, is immune to 
bacteria, and does not retain odors. Fiber. 
glass offers good resistance to abrasion by 
materials other than glass, but glass cuts 
it surprisingly fast. Flexing will damage 
it, particularly in the wet state. 

For efficient weaving, certain conditions 
must be met, and it is generally conceded 
that adequate warping constitutes the 
Keystone of successful subsequent oper 
ations. It is essential that uniform ten- 
sion be maintained in warping. The 
reason for this is that the length of Fiber- 
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efforts of AS.T.M. Committee C-1, whi 
is a representative cross-section of car 
sumer interests, general interests, 
manufacturers of cement, the construe 
tion industry is provided with highly spes | 
cialized standards for portland cement, | 
Tt is to your interest to learn more about 
them and use them. 


glas is final, for since the yarn has neither 
the ability toe shrink nor to yield, any Gif 
ference in length within. the warp causes; 
either slackness or tightness, both of whieh, 
are exceedingly troublesome. : 
is generally warped from cones onto &i 
horizontal warper. Accurate adjustment 
of the elevators supporting the first w 
ing section is essential. i 

The Joop ‘Hixengthi of Easter eaas { 
thereby precluding the tieing of knots,/ 
Woes a eee 
to the use of methyl methacrylate \ 
any piecing is to be done. ~ 

The fiber characteristics mention 
namely, strength, permanency, and 
munity from the attack of hiveeicars oh 
ments constitute the basis for the x 
textile applications in which Fiberslaw id 
become best known. 

An alkglass fabrie which has set bh 
performance standards is the Q015 3 
cloth being used for electrical insulsti 
This cloth has truly revolutionized 7 
electric motor industry. Its stren 
(tensile and tear) combined with & sma 
space factor and high heat resistance, b 
made it possible to reduce the mot 
vot eee 
decrease measurably the mainte 
costs. A varied Hine of woven gis: 
fabrics, running from light to heavy, fini 
its way as reinforcement for laminate 
coated fabrics, window shades, s 
covers, awnings, canopies, peti 
Being noninflammable, Fiberglas s 
safely and lastingly as curtains, & = 
inp shades eheoia ores, ned a hel 
other articles demanding permanency af 
safety. 

While it is conceded perfigiawan 
not practical in clothing to be worn ¢ 
tn the body, 9 ela es 
ative field in the form of ribbons, m 
costume ornaments, ete. Momavelle SI 
applications in the medical and surgic ical 
lines already are being compiled into 4) 
long and interesting list, among them being! 
the Fiberglas plastic bandage, a knit! 
fais mate of Ferg sal GEG 
placing in its functions casts made 6} 
plaster of Paris. il 
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A relatively new and very interesting 
table and weavable yarn is the one 
owu as “Tensolite.” It is made of a 
yerglas core covered with vinyl resin. 
addition to strength, “Tensolite” offers 
“lent flexing and high abrasion resist- 
Ce, 

The versatility of Fiberglas has been 
ther enlarged by the possibility of dye- 
it. For over a year, continuous fila- 
mt yarns have been spun with a suit- 
le coating of the gelatin type which per- 
ts package dyeing in a manner similar to 
ut followed for rayon. Acid colors yield 
lyed yarn fast to light and dry cleaning, 
t not wash resistant. Vat colors are 
ing developed and may become avail- 
le in the not too distant future. 

Staple fiber produced by blast drawing 
the molten glass into fibers is not as 
Wily adaptable to textile application as 
ptinuous filaments. Morever, it plays 
important réle in industrial fields where 
thermal stability, power of insulation 
mm heat or cold, and acoustic control 
operties are used to advantage. The 
sulating power of superfine staple fiber 
8 proved to be so effective that its 
yorporation in outer garments for cold 
mates has proceeded much beyond the 
perimental stage. Spun staple fiber 
brics are being currently produced as 
Il as yarns combining staple fibers and 


bestos. 


NYLON 


Among the successful true synthetic 
ers of our age, nylon stands out. In 
any respects, it is unique. While popu- 
ly described as being made from “coal, 
r, and water,” the more precise definition 
yen by E. I. du Pont de Nemours is “a 
neric term for any long chain synthetic 
lymeric amide which has recurring 
aide groups as an integral part of the 
ain polymer chain, and which is capable 
being formed into a filament in which 
e structural elements are oriented in the 
rection of the axis.” This definition 


covers a vast group of related products or 
materials capable of serving a broad range 
of textile applications. 

Commercial production of nylon began 
as late as 1937. It gained immediate and 
wide public acceptance. Its production 
has been increasing ever since at a fast 
rate, but in spite of that it falls short of 
keeping up with an evergrowing demand. 

No effort will be made here to mention 
all its many interesting and varied physi- 
cal properties, but some of the salient ones 
are noted. The great tensile strength 
possessed by this fiber, ranging from 4.5 
to 8 g. per denier, according to the type, 
makes it. desirable for end uses requiring 
either lightness or strength or both com- 
bined. Its wet tenacity being equal to 
85 per cent of its dry, it lends itself admir- 
ably to rainwear, tenting, and the like. 
The faculty it possesses to check the mois- 
ture regain to about 4 per cent at 65 rela- 
tive humidity and to absorb less than 7 per 
cent of water when immersed, lends to 


nylon fabric the ability to dry quickly. 


In comparison with most other fibers, it 
has a low specific gravity (1.14) and a sur- 
prising abrasion resistance. 

Conventional textile machines of the 
braiding, knitting, and weaving trades are 
readily adaptable to its processing. 

Very large quantities of continuous fila- 
ment nylon have been consumed in the 
knitting industry, and the reputation it 
has acquired in the hosiery field need not 
be further stressed. The yarn knits well, 
provided it receives the pre-treatment 
recommended for it. 

It withstands the weaving strain when 
twisted with a fair number of turns or 
when warps made of single end sized yarn 
are topped with an additional size applied 
in an additional slashing operation. 
Slashing of a nonpresized nylon warp still 
constitutes a problem which is hoped to be 
largely reduced with the aid of a new size 
recently introduced by du Pont and 
known as PMA (polymethylacrylate acid). 

The ease with which this fiber can be 
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stretched demands that it be handled with 
well-controlled tension. In fact, nylon 
stretches under lesser loads’ than cotton, 
wool, or rayon will normally bear, and the 
difference is so marked that it is advisable 
to give to the requirement of low and uni- 
form tension, constant attention during 
the manufacturing process. The techni- 
cal data on the correct method of handling 
nylon is so perfected that any textile plant 
willing to follow a set of well-defined rules 
faces no more than an average manufactur- 
ing task. 

Prior to the recent World War, nylon 
remained largely in the hosiery field. 
During the war years, nylon served the 
exacting requirements of the military 
needs. Its great strength, lightness, re- 
sistance to water and to many chemicals, 
mildew, insects, etc., answered better 
than any other fiber could the properties 
demanded in parachutes, straps, safety 
belts, insect screen, hammocks, clothing, 
and even shoe laces for tropical climates; 
also, tire cord fabrics for heavy cargo 
planes. Its elasticity and slow recovery 
were exploited in the famous aerial pickup 
tow rope. The monofilament nylon in- 
vaded many speciality fields such as tooth- 
brushes, paint brushes, screening, and 
tennis racquet strings. — 

Since the output of nylon was released 
to the civilian needs, its textile applica- 
tions have expanded greatly although still 
hampered by the limited yarn production. 
It is now most successfully used in durable 
lightweight clothing, dress goods, quick 
drying underwear garments, indestructible 
marquisette curtains, rugged sailcloth, 
hardwearing upholstery, laces, umbrella 
cloth, bolting cloth, household furnishings, 
noncrushing transparent velvet, and a 
host of others. 

Intimate blends combining nylon staple 
with other fibers such as rayon, wool, etc., 
hold interesting promises as to strength, 
abrasion resistance, durability, and will no 
doubt be exploited as soon as nylon staple — 
becomes available on a commercial basis 
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VINYON 


In 1939 a synthetic fiber, dry spun from 
a copolymer of vinyl chloride and vinyl 
acetate was made available in a limited 
amount by the American Viscose Corp. 
(Vinyon was first developed and spun by 
Union Carbide and Carbon in 1987.) 
Upon varying the proportions of the two 
vinyls, it was found that the fiber charac- 
teristics could be changed within a certain 
range, and of the various types thus de- 
veloped, two remain available today— 
Vinyon-HH (unstretched) and Vinyon-CF 
(stretched). 

Freshly spun yarn (unstretched) is 
wanting in strength— 1 g. per denier, and 
its extensibility is very high. However, 
through stretching and the resultant orien- 
tation of the molecules along the filament 
axis, a high tensile strength is reached—4 
g. per denier. Being water repellent, the 
fiber strength and extensibility remain 
unaffected even after complete immersion 
in-water. By the same token, Vinyon re- 
mains subject to static. Its resistance to 
acids and alkali is notable and valuable in 
its applications. It does not support com- 
bustion, but the limit of its thermal sta- 
bility is reached at about 150 F. In late 
Vinyon, the thermal stability has been 
raised to over 212 F. 

An interesting feature of this material is 
that its textile behavior is identical to that 
of natural fibers so that it can be proc- 
essed on nearly any existing machine 
without change. Moreover, the handle 
of fabrics made of it comes singularly close 
to that of natural fiber, silk in particular. 

When processing it, one must avoid the 
use of procelain guides. Vinyon by nature 
is allergic to.it, particularly while in the 
low twist state, and metal guides are 
recommended. To combat static, neu- 
tralizers or high humidity is recommended. 
The latter can be resorted to freely, for it 
is possible to run Vinyon in the wet state 
under reasonable tension without injuring 
it. Vinyon is being warp sized, limiting 


the maximum temperature applied at 
slashing time according to the thermal 
stability of the type being processed. 
Dyeing of the fiber still offers difficulties. 
They are being gradually overcome by 
improved dyeing methods and by the 
development of new type Vinyons having 
higher thermal stability. 

The present textile applications of Vin- 
yon are largely predicated on its resistance 
to chemicals, to water, its strength and 
thermal properties. 

Knitted Vinyon work shirts, smocks 
made of woven fabrics are found invalu- 
able by operators in chemical plants and 
laboratories. They save the regular cloth- 
ing, also protect the operators. 

Vinyon is also used as filter fabric and 
in screen printing cloth, for in addition to 
long life, the screen printing cloth offers 
superior registration and unexcelled sta- 
bility. 

Another distinctive property of Vinyon 
is being exploited in lightweight embroid- 
ery fabrics which have completely replaced 
silk in that field. The solubility of Vinyon 
in acetone renders this application unusu- 
ally simple and practical. 

An awning made of a tightly woven 
Vinyon duck not only offers ideal protec- 
tion, but greater life, for such an awning 
can be folded, also stored away with 
greater immunity than those made water 
repellent by the aid of a brittle surface 
coating. 

Automobile window channel pile fabrics 
made of Vinyon are extremely durable, 
and the nonswelling property of the fiber 
promises to ban jammed windows from 
the cars of tomorrow. 

For some time past, Vinyon has served 
the shoe and bag industries in the form of 
a heavy net, either woven or knitted. To 
circumvent the dyeing difficulties experi- 
enced in the past, dope dyed yarn is now 
being used. 

Admittedly, Vinyon is not suitable for 
garments likely to be pressed or ironed 
because of its low thermal stability; 


however, it has very desirable attribute: 
for millinery ornaments, garment acces; 
sories, bathing suits, rainwear, umbrelle 
cloth, etc. The point of thermal stability 
can be exploited to obtain novel effects— 
matelasse, cloque, seersucker, etc. 

The application of Vinyon extends to 
few nontextile lines such as bristles, sur‘ 
gical sutures, ropes, and heat sealing 
media. Vinyon staple serves as pumf 
packing; it is added to the composition @ 
felt to improve the water repellency ane 
stability, and of tea bag paper to increags 
the strength. 

Vinyon-N, a new and better type o: 
thermoplastic fiber stemming out of ¢ 
copolymer of vinylchloride and acrylos 
nitrile, is being developed. All the desir 
able properties of the previously citec 
Vinyons are retained while a greater ther 
mal stability has been achieved. 


SARAN-VELON-PERMALON 


The synthetic fibers indentified with any, 
of the above names represent a compara- 
tively new yarn extruded from vinylidene 
chloride—a resin manufactured by the 
Dow Chemical Co. The development ob 
this resin dates back about ten years: 
Yarns were offered to the trade in 1939) 
and three organizations—The Nationa) 
Plastics Products Co., Firestone Rubber 
Co., and The Wek Copomtiea a 
ecundiae tt 

The general properties of this eynthetaad 
fiber, of which the specific gravity is 1.723 
are excellent resistance to water, to chemi 
cals at ordinary temperature, and good 
dimensional stability up to 170 F. Its 
dry tensile strength of 1.8 g. per denier an 
dry extensibility of 30 per cent remain un- 
changed in the wet state. It does not 
support combustion, offers high abrasio 
resistance, and resists soiling to an unusual 
extent. 

The bulk of the yarn so far produced h 
been of the monofilament type rangin; 
from 0.012 to 0.008 in. in diameter: 
Manufacturing preference has been give 


To the A.S.T.M. Committee on Membership, 1916 Race St. Philadelphia 3, Pa. 


Gentlemen: 


Please send information on membership to the company or individual indicated below. 


eee 
eee 


This company (or individual) is interested in the following subjects: {indicate field of activity, that is, 


petroleum, steel, non-ferrous, etc., etc.} 


{Signed} 
Address 
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jhe 0.012 in. size of which the equivalent 
» in denier is 1150. 

Such monofilament yarns are well 
uptable to braiding, knitting, and weay- 
, and the problems they present in 
tile processing stem largely from their 
wseness and weight. The large size 
1 consequently heavy weight of the 
skages on which they must be placed to 
ure efficiency of operation, the unusual 
ight of the fabrics in which they are 
od, everything demands the aid of ade- 


ate engineering to answer the bulk and - 


ight problem. 

Sturdy looms capable of weaving wide 
ods weighing as much as 14 lb. per linear 
., well furred shuttles, and large shuttle 
bbins are some of the well-known re- 
irements. 

The most successful applications of 
ran, Velon, and Permalon have been in 
nnection with seat covers, curtains, in- 
st screen, handbags, awnings, and table- 
ths—all of which are articles seldom 


posed to high temperature but demand- — 


~ durability, resistance to elements and 
soiling. 

Lately, multifilament yarns sizing 140 
nier and comprising ten filaments have 
en developed. The tensile strength of 
is Improved yarn has been increased to 
) g. per denier, the*extensibility reduced 
22 per cent, and the fiber diameter is 
wn to 0.001 in. Numerous difficulties 
ll have to be overcome before such 
ultifilament yarn becomes a commercial 
oposition. It has created a great deal 
‘interest and justly so, for the experi- 
ental fabrics made with it are indeed 
ost attractive. It is expected that a 
aple fiber will be made available in the 
too distant future. 


POLYETHYLENE 


Polyethylene is the polymerization prod- 
+ of ethylene under pressures ranging 
om 500 to 3000 atmospheres. The 
olecular weight of the resin increases 
cording to the pressure used, and 3000 
mos pheres produces a polymer which is 
the range used for fibers. 

The Imperial Chemical Industries, Ltd., 
troduced the resin process in this coun- 
y, and in 1944 E. I. du Pont de Nemours 
id the Bakelite Corp. took up the manu- 
cturing of polyethylene. 

The noncorrosive resin, in the form of 
aall, wax-like particles, is melted and 
+ruded under pressure at 432 F. as mono- 
ament or multifilament yarns capable of 
sing further drawn in the cold state to 
1er diameter of greater strength. 

The National Plastics Products Co. is 
anufacturing yarns under the name of 
'ynene. The American Viscose Corp. is 
yout to’ start production of yarns on a 
nall scale. 

Among the properties of this fiber, its 
w specific gravity of 0.92 stands out. 
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Being waterproof, polyethylene floats. 
No other fiber compares with it as regards 
lightness, and this characteristic offers 
something quite unusual. 

The dry strength ranges from 1.5 to 3.0 
g. per denier. ‘Higher tensile strength is 
within reach—however, at the expense of 
thermal stability. The flexibility of this 
product is excellent and lasting, for it con- 
tains no plasticizer as generally found in 
other resins. Its thermal stability ceases 
at 150 F. From that point on, it loses 
strength and shrinks about 3 per cent at 
150 F., 5 per cent at. 170 F. 

Yarns being offered for the present are 
of the monofilament type with a diameter 
of 0.025 in. down to 0.012 in. They are 
coarse but reasonably light—in fact, the 
0.012 in. size is about 600 deniers which, of 
course, is considerably less than the size of 
monofilament yarns of the same diameter 
made of other resins. This point is rather 
important, for it has a profound influence 
on the ultimate cost. 

It is thought that the present cost can be 
appreciably reduced when manufactured 
on a larger scale. 


OTHER FIBERS 


There are several other synthetic fibers 
which should be mentioned such as: 

Fiber A—a promising, high-strength, 
high melting point but, for the moment, 
poor dyeing newcomer developed by 
du Pont and made of polymethacryloni- 
trile. 

Terylene—a poly ester of terephthalic 
acid and ethylene glycol developed by the 
Imperial Chemical Industries, Ltd., of 
England and now being introduced in this 
country by E. I. du Pont de Nemours. 

Polyfiber—made of polystyrene’ and 
developed by the Dow Chemical Co. 

Also a group of synthetic protein fibers 
such as Ardil made of peanut protein and 
introduced in 1945 by the Imperial Chemi- 
cal Industries, Ltd.; also, a soybean pro- 
tein together with others less known. 


PROSPECTS 


What are the prospects for the present 
and new synthetic fibers? This question 
can only be answered in a general way— 
that modern life, with its insatiable desire 
for new and better things, will provide 
room for them cannot be doubted, and the 
place they will occupy should grow in 
importance as they are perfected. Their 
future, however, depends largely on what 
they can do, on their properties, on their 
ability to meet increasingly exacting re- 
quirements and more refined taste. Of 
course, their price will remain an impor- 
tant, if not the controlling, factor. More- 
over, reason dictates that there is a limit 
to the type of fibers which can be produced 
economically and capable of serving useful 
purposes. 


ASTM BULLETIN 


It is my belief that textile technicians 
can do much to assure the early success of 
new additions. to the textile family. To 
be sure, no fiber can be expected to be 
universal in its applications. The modern 
trend is toward greater variety—and this 
Suggests that the outstanding properties 
of the new fibers be featured with gusto, 
while educated caution protects them 
from end uses for which they are unsuited. 


ACI Meeting in Denver 


Tue 1948 Annual Meeting 
of the American Concrete Institute is be- 
ing held in Denver, Colo., February 23-26, 
inclusive. A number of interesting papers 
and reports are scheduled, and Bradley 
Dewey, former U. 8. Rubber Director, will 
present the dinner address on Tuesday, 
February 24, giving the latest information 
on the results of the Bikini tests. Certain 
A.S.T.M. technical committees are meet- 
ing during the ACI sessions. Those in- 
terested in buffalo meat can participate in 
the special barbecue luncheon on Febru- 
ary 24. 


Prize Award for Work in Analytical 
Chemistry 

CuesterR F. Fisher, Presi- 
dent of the Fisher Scientific Co. and of 
Eimer and Amend, who recently received 
the Pittsburgh Award of the American 
Chemical Society, has established a new 
award to recognize and encourage out- 
standing contributions to analytical chem- 
istry. The A. C. S. Board of Directors 
will administer the award, the first of 
which will probable be made at the A. C.S. 
fall. meeting in September. It consists 
of a $1000 prize and an original etching. 
The Canvassing Committee which has 
been appointed includes C. M. Alter, 
chairman, M. G. Mellon, and.G. E. F. 
Lundell. 


A.A.A.5S. to Have Centennial Celebration 


Tut American Association 
for the Advancement of Science, plans to 
have a Centennial Celebration in Washing- 
ton, D. C., September 13-17, inclusive. 
The keynote of the Centenary is to be 
“One World of Science.’ Numerous 
symposiums of interest to science and also 
to the general public will be held. 

Because of the lack of meeting facilities 
the affiliated and associated societies of 
the A.A.A.S. will not have their annual 
meeting at this time, but some of the 
groups will mect before or after the Cen- 
tenary. The A.S.T.M. has been interested 
in the work of this association, specifically 
Section M on Engineering, for many years. 
Many A.S.T.M. members are also affili- 
ated with the A.A.A.S8. 
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New Members to January 7, 
1948 


The following 70 members were 
elected from November 24, 1947, to 
January 7, 1948, making the total 
membership 6394. 


Names are arranged alphabetically—company 
members first, then individuals. 


Chicago District 


Amprican Hospitat Assn., George Bugbee, 
Executive Director, 18 E. Division St., 
Chicago 10, Ill. 

Hanpy, Water N., Sales Manager, Com- 
bustion By-Products, 228 N. LaSalle St., 
Chicago 1, Ill. 

Maxon, Guenway, Consulting Engineer, 757 
N. Water St., Milwaukee 2, Wis. 


Cleveland District 


DERHAMMER, C. R., Secretary, The Lakeside 
Steel Improvement Co., 5418 Lakeside 
Ave., Cleveland 14, Ohio. 

Wa.tHorn, Henry J., Chief Chemist, Car- 
ec ine Steel Corp., Youngstown, 

10. 


Detroit District 


Hannum, JonHn ANDREW, President, Hefco 
Tone: 20120 Sherwood, Detroit 12, 
ich. 


New England District 


GumnMe_Ep Inpustriss Assn., Inc., Tun, F. W. 
Farrell, Technical Director, McLaurin- 
Jones Co., Brookfield, Mass. 

CLEMENT, WILLIAM D., Instructor, Depart- 
ment of Mechanical Engineering, Univer- 
sity of New Hampshire, Durham, N. H. 

LurtcH, G. G., Chief Metallurgist, Fellows 
Gear Shaper Co., Springfield, Vt. 

Luce, Stanrorp L., Secretary, Wool Associ- 
ates of the New York Cotton Exchange, 
Inc., 10 High St., Boston, Mass. 

SIEGFRIED, Victor, Chief Research Engineer, 
American Steel and Wire Co., 767 Millbury 
St., Worcester 7, Mass. 

Stern, Herman Leu, Design and Develop- 
ment Engineer, General Electric Co., 100 
Woodlawn Ave., Pittsfield Mass. For 
mail: Box 233, Pittsfield, Mass. [J]* 


_ New York District 


Coons, JosmpH §., Ceramic Engineer, Gen- 
eral Ceramics and Steatite Co., Keasbey, 
N. J. For mail: 344 Middlesex Ave., 
Metuchen, N. J. [J] 

Demitrack, Gnrorcr, Graduate Student, 
Columbia University, New York, N. Y. 
For mail: 1773 Weeks Ave., Bronx 57, 
New York, N. Y. [J] 

Hatz, A. H., Plastics Dept., E. I. du Pont de 
Nemours and Co., Inc., Arlington, N. J. 
Harris, Haroup C., Metallurgist, Mack 

Aeniipcearine Corp., New Brunswick, 


Irsa, ApoutpH PxrrrerR, Chemical Engineer, 
Hydrocarbon Research, Inc., New York 
Ave., Trenton, N. J. For mail: 39-06 
Sixty-third St., Woodside, L. I., N. Y. [J] 

SANDERS, Patmpr W., Chief Chemist, Pe- 
quanoc Rubber Co., Butler, N. J. - 

Santoro, W. E., Technical Director, Stand- 
ard Varnish Works, 2600 Richmond Ter- 
race, Staten Island, N. Y. For mail: 
166 Jewett Ave., Jersey City 4, N. J. 

SHoHET, Norman E., Textile Consultant, 
Bombay, India. For mail: 15 Park Row, 
New York 7, N. Y. 

StanscHEcK, THOMAS BourKg, Assistant in 
Layout and Scheduling, General Fibre 
Products Co., 53-01 Seventy-fourth St., 
Maspeth, New York, N. Y. For mail: 
1442 E. Thirty-fifth St., Brooklyn 10, N. Y. 


Northern California District 
Goopat4, R. W., Manager, Lubricant Div., 
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Marketing Dept., Standard Oil Co. of 
California, Box 3495, San Francisco 20, 
Calif. 


Philadelphia District 


Ajax ENGINEERING Corp., Manuel Tama, 
Vice-President, Box 1418, Trenton, N. J. 

CarBpon MALLEABLE Castine Co., INc., 
Charles P. Speitel, President and Treas- 
urer, 712 S. Prince St., Lancaster, Pa. 

Curtis, Brnsamin TALMADGE, Student 
Engineer, United Engineers and Construc- 
tors, Inc., 1401 Arch St., Philadelphia, Pa. 
For mail: 432 S. Forty-second St., Phila- 
delphia 4, Pa. [J] 

Kupravetz, Boris Sawa, Junior Engineer, 
Westinghouse Electric Corp., Aviation 
Gas Turbine Division, Lester, Pa. For 
mail: nek Chester Ave., Philadelphia 43, 
jet 

Ricwarps, JoHN T., Sales Engineer, The 
Beryllium Corp., Reading, Pa. For mail: 
1324 Perkiomen Ave., Reading, Pa. 

Suippt, Leon, Textile Engineer, Frank 
Associates, Cementon, Pa. 

Tuorn, Wixu1AmM J., Philadelphia Branch 
Manager, Innis, Speiden and Co., 401 N. 
Broad St., Philadelphia 8, Pa, 


Pittsburgh District 


SHERWIN, Len A., Chief Chemist, Rochester 
& Pittsburgh Coal Co., Indiana, Pa. For 
mail: 1218 Philadelphia St., Indiana, Pa. 


St. Louis District 


Parks CoLLEGE OF AERONAUTICAL TECH- 
noLoey, St. Louis Untversity, James F. 
Reagan, Head of Aeronautical Engineer- 
me Dept., Parks Airport, Hast St. Louis, 


Weser, Apotex CARL, Director of Research 
and Sales Engineering, Laclede Steel Co., 
1317 Arcade Bldg., St. Louis 1, Mo. 


Southern California District 


BreveER, Rour O., Materials Engineer, U. S. 
Navy, Terminal Island Naval Shipyard, 
Terminal Island, San Pedro, Calif. For 
mail: 24 Annandale Rd., Pasadena 2, 
Calif. 

Potuak, JAMES E., Manager, Construction 
Materials, Southwest Steel Rolling Mills, 
Re pone Terminal Annex, Los Angeles 54, 

alif. 


Washington (D. C.) District 
(In Course of Organization) 


Mock, Jupson, VOEHRINGER Co. or NortH 
Carouina, Inc., Edward K. Atkinson, 
ene Agent, Box Q-1, Greensboro, 


West VIRGINIA STEEL AND MANUFACTURING 
Co., W. G. Summer, Executive Vice-Presi- 
dent, Box 118, Huntington 6, W. Va. 

De Lotus, Nicnouas J., Organic Chemist, 
National Bureau of Standards, Connecti- 
cut Ave. and Van Ness St., Washington, 
D. C. For mail: 1923 Biltmore St., 
N. W., Washington 9, D. C. 

Instny, Herpert, Chief, Division of Mineral 
Products, National Bureau of Standards, 
Washington 25, D. C. 

Rosine, Boren, Vice-President and General 
Sales Manager, West Virginia Steel and 
Riee ae One Co., Box 118, Huntington 

, W. Va. 4 


Western New York and Ontario District 


AvutcrAFrT Paints, Lrp., W. H. Short, Fac- 
tory Manager, 313 Symington Ave., To- 
ronto 9, Ont., Canada. 


U. S. and Possessions 


Associatep Lasoratoriges, Malcolm UL. 
Playfair, Chief Chemist, 2419 8. E. Powell 
Blvd., Portalnd 2, Ore. 

AYRSHIRE CoLuimRies Corp., J. J. Merle, 
Chief Chemist, Box 8, Staunton, Ind. 

CommeErciaL Sotvents Corp., Jerome Mar- 
tin, Director of Research, Research Dept., 
1331 8. First St., Terre Haute, Ind. 
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Greece, Cuartes L., Chemist, The Dow 
Chemical Co., Midland, Mich. For mail; 
408 Townsend St., Midland, Mich. 

GuiLtLAumE, Ropert O., Co-owner, Northern 
Kentucky Medical Laboratory, Doctors’ 
Bldg., Seventh and Scott Sts., Covington, 
Ky. [J] 

Hempuitt, ApLEY Wauron, Graduate Stu- 
dent, Purdue University, West Lafayette, 
Ind. For mail: 1133 N.. Thirteenth St., 
Lafayette, Ind. [J] 

Hint, J. E., Metallurgical Engineer, Ten- 
nessee Coal, Iron and Railroad Co., Bir- 
mingham 2, Ala. 4 

Jacoss, Kerra §., Chemical Engineer, Iron- 
sides Co., 270 W. Mound St., Columbus 16, , 
Ohio. [J] : } 

Larson, Lewis P., Paint Chemist, American . 
Zine Sales Co., Box 327, Golumbus 16, , 
Ohio. 

McRicut, Rate B., Adjunct Professor, 
Engineering Dept., University of South 
Carolina, Columbia, S. C 

Merriam, E. S., College Professor, Marietta 
College, 231 Fourth St., Marietta, Ohio. 

Smitu, Joan, Mrs., Textile Technician, 
Fashion Frocks, Inc., 3301 Colerain Ave., 
Cincinnati 25, Ohio. [J] 

WitutaMs, TuHomas F., Engineer of Construc- 
tion, U. S. War Dept., Huntington, W. 
Va., District, Huntington, W. Va. For 
mail: Box 507, Paintsville, Ky. 

Yavner, Eart M., Maintenance Engineer, 
Hechalutz Farm, R.F.D. 2, Wappingers 
Falls, N. Y. [J] 

Youncquist, W. G., Engineer, U. 8. Forest 
Products Laboratory, Madison 5, Wis. | 
ZBIGLER, SAMEUL J., Resident Chief Engi- 
neer, Solar Aircraft Co., Des Moines, Iowa. 


Other than U. S. Possessions 


ARTIFICAL SitK Co., Lip. ‘Erma,’ Agias, — 
Annis St., Athens, Greece. 

British SHIPBUILDING RESEARCH ASSN., 
Tur, E. Ower, Intelligence Officer, 5 
Chesterfield Gardens, Curzon St., London 
W.1, England. 

Cia. DE Inpustrias y Azucar S. A. (Cora), 
Luis Moro A, Manager, Casilla 14-D, 
Santiago, Chile. 

Dyna, Revista DE LA A.N.I.I., Navarra 1, 
1°, Bilbao, Spain. 

Cxuana, Jimmy C. H., Director, Chief Chem- 
ist and Factory Manager, The Great 
China Finance and Development Corp., 
Ltd., 109 National Bank Bldg., Hongkong, 
China. For mail: 23 Fung Fai Terrace, 
First Floor, Happy Valley, Hongkong, 
China. 

Doruanp, RopGER M., Director of Research, 
Abitibi Power and Paper Co., Ltd., Sault 
Ste. Marie, Ont., Canada. 

FREUDENTHAL, ALFRED M., 25 Khen Blvd., 
Tel Aviv, Palestine. Visiting Professor, 
University of Illinois, Talbot Laboratory, 
Urbana, Ill. 

Gaynor, Joun 8., Manager, Anglo Egyptian 
Oilfields, Ltd., Shell House, Cairo M. E., 
HKgypt. 

Lazar, , Oscar, Principal, McLachlan & 
Lazar, Uranium House, Booysens Rd., 
Johannesburg, South Africa. For mail: 
Box 3344, Johannesburg, South Africa. 

Lreune, Micuasrt S. K., Chemist in Charge, 
Liu Ho Kou Iron Works, Ltd., 1 Bailey 
St., Ma Tau Wei Rd., Kowloon, Hong- - 
kong, China. For mail: 23 Fungi Fai 
Terrance, First Floor, Happy Valley, 
Hongkong, China. [J] 

Lopnz, Manuret Garza, Head of Inspection 
Dept., Cia. Fundidora de Fierro y Acero) 
de Monterrey, 8. A., Apartado Postal 206, 
Monterrey, N. L., Mexico. 

SisspenpR, T., Metallurgical Engineer, My-: 
rens Verksted, Oslo, Norway. 

Starosta, O., Assistant Technical Manager, , 
Tana-Foundry, Zbrojouka Brno, n. p.,, 
Tynec Nad Sazavou, Czechoslovakia. For! 
mail: c. p. 10, Tynec Nad Sazavou, | 
Czechoslovakia. | 

Tauisa E, Luis, Chemical Engineer, Casilla, 
579, Lima, Peru. [J] 


* [J] denotes Junior Member. 
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Personals sat 


t 

..News items concerning the ac- 
‘vities of our members will be wel- 
omed for inclusion in this column. 


t 


CHESTER G. FISHER, 
’resident and founder of the Fisher Scien- 
tic Co., Pittsburgh, and a member of 
uo.T.M. for many years, received the 
“ittsburgh Award at the December meet- 
ag of the American Chemical Society. 
“his was given Mr. Fisher for ‘“‘outstand- 
ag service to chemisty.”’ He has been a 
aember of the A.C.S. since 1903 and has 
aken very active interest in many prob- 
ems in this field. One of his interesting 
.obbies is the discovery and perpetuation 


f alchemical-historical works of art. 
FRED M. ZEDER, Vice-Chairman of 


he Board, Chrysler Corp., has been 


lected to the Board of Directors of the 


Detroit Trust Co. 


FREDERICK G. WEED, former Di- 
ector of Research, is now President of the 
tinshed-Mason Co., Detroit. Mr. Weed 
$ serving as chairman of the 1948 
\.S.T.M. Photographic Committee, which 
vill sponsor a display and competition 
luring the annual meeting in Detroit, 
lune 21 to 25, inclusive. 


R. G. McELWHE, Manager, Foundry 
\lloy Div., Vanadium Corp. of America, 
Jetroit, has been named to receive the 
\merican Foundrymen’s Association John 
\. Penton medal for ‘‘outstanding contri- 
utions to the dissemination of informa- 
ion to the Foundry Industry, especially, 
or his splendid efforts on behalf of the 
Yupola Research Project.’”” PETER E. 
LENTSCHLER, President, The Hamil- 
on (Ohio) Foundry & Machine Co., will 
eceive the AFA Peter L. Simpson medal 
or his ‘outstanding work in promoting 
etter housekeeping and safety practices 
on the foundry and for the inspiration he 
as given the Foundry Industry in the field 
f public relations.”’ These awards will be 
resented at the annual banquet of the 
FA in Philadelphia, May 7. At the 
ame time, honorary membership will be 
onferred upon the retiring international 
resident MAX KUNIANSKY, General 
fanager, Lynchburg (Va.) Foundry Co. 


FRANS V. E. VAURIO has accepted 
ppointment as Development Chemist, 
filprint, Inc., Milwaukee, Wis. He was 
reviously Research Asst., The Institute 
f Paper chemistry, Appleton, Wis. 


RAYMOND J. FRANKLIN, formerly, 
fanager, The Chicago Hardware Foundry 
0., North Chicago, IIl., is now President, 
irod Corp., Lyons, III. 

HUBERT CHARLES RUZICKA is 
ow Chemical Engineer, Rumford Chemi- 
11 Works, Rumford, R. I. He was 
rmerly associated in a similar capacity 
ith the American Cyanamid Co., Stam- 
rd; Conn. 

DEAN E. SHULL, Jr., former Ensign, 
.S.N.R., has accepted appointment as 
ngineer, with Hajoca Corp., Chatta- 
yoga, Tenn. 


nuary 1948" 


WILLIAM B. WALLIS, President, 
Pittsburgh Lectromelt Furnace Corp., has 
been nominated for President of the 
American Foundrymen’s Association in 
1948-1949, and EDWIN W. HORLE- 
BEIN, President, Gibson & Kirk Co., 
Baltimore, is the nominating group selec- 
tion for Vice-President. Both Mr. Wallis 
and Mr. Horlebein have been members of 
A.S.T.M. for many years, and Mr. Wallis 
has been a member of Committee A-3 on 
Cast Iron since 1931. ANDREW M. 
FULTON, Vice-President of Northern 
Malleable Iron Co., St. Paul, Minn., also 
a member of A.S.T.M. for many years, 
has been named for a three-year director- 
ship. And VICTOR E. ZANG, Vice- 
President of Unitcast Corp., Toledo, 
Ohio, also is named for a directorship. 


WILLIAM B. PRICE has retired as 
Director of Research from Scovill Manu- 
facturing Co., Waterbury, Conn., being 
succeeded in this capacity by F. M. Barry. 
Mr. Price has been affiliated with 
A.8.T.M. since 1913, and has been active 
in the work of various technical commit- 
tees. 


GORAN PHILIPSON, formerly 
Chemical Engineer, Centralbolaget for 
Kemiska Industrier, Stockholm, Sweden, 
is now associated with A. B. Svenska 
Metallverken, Uplands-Vasby, Sweden. 


M. A. TEIXEIRA DE CASTRO has 
accepted an appointment as Technical 
Director, Companhia de Cimento Portland 
Paraiso, Sao Paulo, Brazil. He was pre- 
viously associated as Superintendent with 
Cia. Brasileira de Cimento Portland Perus 
in Sao Paulo. 


WILLIAM MUIR ROBB, formerly 
Field Engineer, Ayeling-Barford, Ltd., 
Grantham, Lines., England, is now affili- 
ated with W. M. Robb, Ltd., West Dray- 
ton, Middlesex, England. 


G. FORREST is now with the Alumin- 
ium Labs., Ltd., Banbury, Oxon, Eng- 
land. He was formerly with the Northern 
Aluminum Co. of England. 


JUD A. GUSTIN, who had been asso- 
ciated with the Bessemer Limestone and 
Cement Co., Bessemer, Pa., as Assistant 
General Superintendent, is now Mill 
Superintendent, with R. T. Vanderbilt 
Co., Inc., Gouverneur, N. Y. 


GEORGE ENGELLAND, formerly 
Chief Chemist, The National Refining Co., 
Findlay, Ohio, is now affiliated with the 
White Eagle Div., Socony-Vacuum Oil 
Co., Inc., Augusta, Kans. 


WILLIAM P. PUTNAM, a long-time 
member of A.S8.T.M., is retiring from his 
activities with the Detroit Testing Labo- 
ratory which he established many years 
ago. This laboratory has been purchased 
by a new group in the Detroit area. Mr. 
Putnam has been quite active in various 
phases of A.S.T.M. work, notably in 
Committee A-7 on Malleable-Iron Cast- 
ings, and he has taken a genuine interest 
in the work of the Detroit District Council, 
of which he is a member. 


WALTER BOHNSTENGEL, Engineer 
of Tests, the Atchison, Topeka & Santa 
Fe Railway, Topeka, Kans., for the past 35 
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years, and widely known to many 
A.S.T.M. members not only for his activi- 
ties with the Santa Fe but also for his in- 
teresting hobby of weather forecasting, 
has retired from active duties. In 
A.S.T.M. he was particularly interested in 
the work of Committee A-1 on Steel but 
also was active in other technical groups. 
Mr. Bohnstengel, whose A.S.T.M. mem- 
bership dates from 1914, is being suc- 
ceeded as Engineer of Tests in the Santa 
Fe by E. B. Fields. 


HERVEY 8S. VASSAR, since 1911 
Laboratory Engineer of Public Service 
Electric and Gas Co., Maplewood, N. J., 
and a Past-President and Honorary Mem- 
ber of the Society, has retired from active 
work with his company. In recognition of 
his long-time work and as a tribute to him 
a dinner was held on December 11, at 
which a large number of his associates and 
friends were present. Included among the 
speakers at the dinner were A.S.T.M. 
Past-President F. M. Farmer and Execu- 
tive Secretary C. L. Watwick. Mr. Vas- 
sar has a long and notable record of service 
not only in his industry but in many tech- 
nical activities, He was President of 
A.S.T.M. in 1935-1936, and was an officer 
of several technical committees: He 
rendered notable service as chairman of 
the Administrative Committee on Stand- 
ards and of the Special Study Committee. 
A rather detailed résumé of his work 
appeared in the August, 1947, BuLLETIN 
which announced his election as an 
A.S.T.M. Honorary Member. Mr. Vas- 
sar plans to continue his interests in a 
number of activities. 


HARRY J. LOVE, has retired as Man- 
aging Director of the National Slag Assc- 
ciation. Announcement was made at the 
Annual Banquet of the Association on 
November 19, at which time a silver loving 
cup was presented to Mr. Love as a token 
of esteem from the Board members. Mr. 
Love has served the National Slag Asso- 


’ ciation for over thirty years in the capacity 


of managing director, and, in fact, was 
largely responsible in organizing the asso- 
ciation. -He has been a member of the 
Society since 1917 and active in the work 
of Committee C-9 on Concrete and Con- 
crete Aggregates, as a member of the Ex- 
ecutive Subcommittee, and of Committee 
D-4 on Road and Paving Materials. Mr. 
Love is retained in a consulting capacity 
by the Association and will use that busi- 
ness address. He is being succeeded as 
Managing Director of the N.S.A. by EB. W. 
Bauman, who is serving on _ several 
A.S.T.M. Technical Committees. 


D. J. McADAM recently retired as 
Chief of the Thermal Metallurgy Section 
of the National Bureau of Standards, 
Washington, D. C. A member of A.S.-: 
T.M. since 1918, Mr. McAdam has: 
rendered notable service on various tech- 
nical committees and has contributed a. 
number of outstanding technical papers, 
many of which have appeared in the. 
Proceedings. 

W. E. DAY, formerly Chief Metal- 
lurgist and General Foundry Supt., is now 


Director of Research, Mack Trucks Inc., 
Plainfield, N. J. 
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ANDREW VAN ECHO has joined the 
Wm. E. Pratt Mfg. Co., Joliet, Ill., as 
Metallurgical Engineer. _He was formerly 
Chief Inspector for Joslyn Manufacturing 
and Supply Co., Ft. Wayne, Ind. 

JOHN A. DEITRICH has been pro- 
moted from Metallurgical Engineer to 
Manager of the Alloy Tube Div., Carpen- 
ter Steel Co., Kenilworth, N. J. 

CLARENCE W. BALKE, Emeritus 
Director of Research of the Fansteel 
Metallurgical Corp., North Chicago, IIL, 
is recipient of the 1948 Perkin Medal of 
the American Section of the Society of 
Chemical Industry. Dr. Balke’s pioneer 
work in the rare metals resulted in major 
contributions to American industry and 
medicine. 


ALBERT J. PHILLIPS, Superintend- 
ent, Research Dept., American Smelt- 
ing and Refining Co. has been elected a 
Director of the American Institute of 
Mining and Metallurgical Engineers. 


CHARLES HAYDOCK, Consulting 
Engineer, Philadelphia, Pa., has been 
appointed by Governor James H. Duff as a 
member of the Pennsylvania State Regis- 
tration Board for Professional Engineers. 


WILLIAM H. KLEIN, long-time A.S.- 
T.M. member, has been appointed Oper- 
ating Manager of the Lawrence Portland 
Cement Co., New York City, with head- 
quarters at Northampton, Pa. For many 
years he has served as Assistant to the 
President, at the Easton branch of the 
company. 

CARL A. MENZEL has been appointed 
Manager of the Housing and Cement 
Products Bureau, Portland Cement As- 
sociation, Chicago. He had been af- 
filiated with the Association for many 
years as Research Engineer. In his 
present capacity Mr. Menzel succeeds 
JOHN A. RUHLING who is now in 
charge of technical personnel training in 
the fundamentals of concrete making 


and concrete construction practices. 
Messrs. Menzel and Ruhling are both 
active in A.S.T.M. matters: Mr. Menzel 
has been affiliated as a member since 1934, 
is a member of the Chicago District 
Council, and of several technical com- 
mittees; and Mr. Ruhling is a member of 
the masonry Building Unit committees. 


ROBERT P. HARVEY, formerly Chief 
Chemist, Commercial Laboratories, Ltd., 
Ottawa, Canada, is now affiliated as 
Chemist with the Arvida Works Labora- 
tory, Aluminum Company of Canada, 
Ltd., at Arvida, Province of Quebec. 


AUBREY E. FORD is now Chief 
Chemist, Red Ash Eagle Coal Corp., 
Williamson, W. Va. He was previously 
associated with the Green Bag Cement 
Co. of West Virginia. 


Industrial Research Institute, Inc., New 
York City, is awarding its 1948 medal 
to GAMES SLAYTER, Vice-President 
in Charge-of Research and Development, 
Owens-Corning Fiberglas Corp., for his 
leadership in the development of glass 
fibers and their commercial application. 


E. C. HOENICKE, Assistant to General 
Manager, Foundry Division, Eaton Mfg. 
Co., Detroit, and RALPH J. TEETOR, 
President of Cadillac Malleable Iron Co., 
Cadillac, Mich., were elected to the Ad- 
ministrative Council of the National 
Founders Association. 


T. H. ADAIR has been promoted to 
Chief Plant Metallurgist of Atlas Steels 
Ltd., Welland, Ont., Canada. 


OLIVER SMALLEY, President, Mee- 
hanite Metal Corp., New Rochelle, N. Y., 
has been appointed to the Advisory Coun- 
cil for Science and Engineering, Univer- 
sity of Notre Dame. 


WENDELL F. HESS, Associate Pro- 
fessor in Metallurgical Engineering and 
Head of Welding Laboratory, Rensselae 
Polytechnic Institute, Troy, N. Y., is 


| 


one of the four scientists awarded the $300 
first prize for the best paper from a univer- 
sity source in the 1947 Resistance Welder! 
Manufacturer’s Association contest. An- 
nouncement of the award was recently 
made by the American Welding Society. 


L. R. JACKSON, Research Supervisor, , 
Battelle Memorial Institute, and Horace J. | 
Grover, also of the Institute, are re- 
cipients of the award for the third best 
paper from an industrial source in the Re- 
sistance Welder Manufacturers’ Associa- 
tion prize contest of the American Weld- - 
ing Society. Their paper was entitled 
“Fatigue Tests on Some Spot-Welded 
Joints in Aluminum-Alloy Sheet Mate- 
rial.” 


LESTER W. STROCK announces that ; 
in keeping with the increased scope of its 
activities the name of the consulting labo 
ratories of which he is Vice-President and | 
Director of Research, has been changed 
from Spectrographic Services and Sup-- 
plies, Inc., to Saratoga Laboratories, Inc. . 
The business of this organization now in- - 
cludes not only metallurgical, geological, , 
geochemical and ore dressing research: 
and developmental work, but has ex-- 
panded into the field of general chemical, , 
chemical engineering, and soil studies for ' 
the agricultural industries. 


The BRITISH INSTITUTE OF PE-.- 
TROLEUM, London, announces that ; 
E. A. Evans has been nominated as Presi- - 
dent Designate of the Institute for the: 
Session 1948-1949. Mr. Evans, who has} 
been Chief Chemist to the Wakefield | 
Group of Companies since 1915, is well: 
known in the field of lubrication. He has: 
been active for some years in the Motor * 
Industry Research Association and is its: 
present Chairman. In 1942-1943 he was | 
awarded the Crompton Medal of the: 
I. A. E. for his paper on “‘Extreme-Pres- - 
sure Lubrication.” 


News of Instrument Companies and 
Laboratories 


Ownership of the Detroit Testing 
Laboratory, a very active organization in 
the Detroit area, founded by W. P. Put- 
nam in 1903, has been transferred by Mr. 
Putnam to a group headed by Douglas 
Dow, Jr. Formerly Director of Commer- 
cial Research of the Detroit Edison Co., 
Mr. Dow plans to expand the laboratory’s 
activities. The Detroit Testing Labora- 
tory has a long history of contributions to 
industry in the Detroit area, having served 
many of the automotive concerns and 
other leading companies there. 


Artuur 8. LaPine & Co., 
121 W. Hubbard St., Chicago, Ill., a 
chemical and laboratory supply firm, has 
leased 15,000 square feet in the 400 North 
Rush Street Building. This is in addition 
to their present quarters and will be known 
as Plant No. 3: Their chemical and phys- 
ical laboratories will be expanded and will 
be in charge of Dr. Craig Johnson, form- 
erly of the General Chemical Co. The new 
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building will also contain manufacturing 
and warehousing operations. 


Society Appointments 


Announcement is made of the fol- 
lowing appointments: 


M. N. Cuarr, The Thompson & Lichtner 
Co., Inc., as representative, and R. E. Hzss, 
A.S.T.M., as alternate, on the ASA Build- 
ing Code Correlating Committee: (Reap- 
pointment) 

Myron Park Davis, Otis Elevator Co., as 
representative and R. E. Hess, A.S.T.M., as 
alternate, on the ASA Safety Code Correlat- 
ing Committee. (Reappointment) 

Hi. J. Batu, Lowell Textile Institute, on 
ASA Sectional Committee L14 on Textile 
Test Methods, to succeed J. R. Bonnar, 
General Dyestuff Corp. 

R. W. Crum, Highway Research Board, on 
the American Documentation Institute for a 
term of three years, beginning January 1, 
1948. (Reappointment) 

E. J. Kitcawuey, Rensselaer Polytechnic 
Institute, and F. J. Conversn, California 
Institute of Technology, as A.S.T.M. repre- 
sentatives at the International Soils Confer- 
ence to be held in Holland, June, 1948. 
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H. J. Gitkry, Iowa State College, Chaitr- - 
man; H. W. Griiuett, Battelle Memorial. 
Institute;+and H. E. Smrru, Materials Engi- - 
neer, White Plains, N. Y. on the Charles B. 
Dudley Medal Committee. 

M. F. Sayre, Union College, on the Com-. 
mittee on Richard L. Templin Award. . 
(L. W. Truuer, Public Roads Administra-: 
tion, Federal Works Agency, and R. E.. 
Prrrrson, Westinghouse Electric Corp., 
continue as members.) 

W. H. Finxetpry, Singmaster & Breyer, 
Chairman; C. D. Hocxrr, Union College; 
and L. W. Horxins, American Chain and 
Cable Co., Inc., on the Committee on Sam 


. Tour Award. 


W. C. GRANVILLE, Container Corporation 
of America, as Vice-Chairman of A.S.T.M. 
delegates on the Inter-Society Color Council. 
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ENNIS A. Crow.ey, Chief Metallur- 
t, Carnegie-Illinois Steel Corp., Pitts- 
teh, Pa. (November 16, 1947). Member 
ice 1940. 


J. Herpert WALKER, a Vice-President 
the Detroit Edison Co., and for many 
rs active in A.S.T.M. work (December 
. 1947). Affiliated with the Detroit 
lison Co. since 1912, he was elected a 
ce-President in 1945. A graduate of the 
ser be of Michigan in 1911, Mr. 


Iker had contributed extensively to the 
ork of various engineering and technical 
sleties, one of which, the American Soci- 

of Heating and Ventilating Engineers, 

e him the F. Paul Anderson Award for 
tstanding scientific achievement in this 
ld. In A.S.T.M. he did a great deal to 
t technical Committee C-16 on Thermal 

lating Materials under way, and was 
fist chairman, serving two terms. He 
30 participated in other activities. 


L. C. Conranpr, Technical Director of 
>search _and_ Development, Standard 
eel Spring Co., Coraopolis, Pa., died 
ecember 4, 1947, at his home in Sewick- 
f Pa., after a long illness. A graduate 
the University of Michigan, he was for 
mumber of years Technical Research 
anager of the International Business 
achines Corp., Endicott, N. Y. He was 
tive in various societies, and in A.S.T.M. 
rved on several committees including 
-11 on Rubber and Rubber-like Mate- 
uls, of which committee he was Chairman 
om. 1928 to 1930. He had been a mem- 
r of A.S.T.M. since 1928. 


T. W. Fisuer, Assistant Engineer of 
Tests—Chemical, The Pennsylvania Rail- 
road Co., Altoona, Pa. (September 5, 
1947). Member since 1944, and active on 
many technical committees, including A-5 
on Corrosion, B-2 on Non-Ferrous Metals 
and Alloys, D-1 on Paint, D-11 on Rubber, 
and E-3 on Chemical Analysis of Metals. 


_ A. T. Kroau, Liaison Engineer, West- 
inghouse Electric Corp., Feeder Division, 
East Pittsburgh, Pa. (September 18, 
1947). Member since 1939. 


Sranuey, M. Hanns, Materials and 
Testing Engineer, City of Oakland, Engi- 
neering Laboratory, Street Dept., Oak- 
land, Calif. (November 7, 1947). Repre- 
sentative of City of Oakland membership 
for several years. 


G. G. Powret1, Commissioner of Works 
and City Engineer, City of Toronto, 
Ontario, Canada. Representative of City 
of Toronto membership. - 


H. E. Zumsrvn, President, Morehouse 
Machine Co., York, Pa. Representative 
of Morehouse Co. membership. 


Rosert R. Grancur, Metallurgist, 
Struthers Wells Corp., Titusville Forge 
Diy., Titusville, Pa. (December 7, 1947). 
Member since 1946. 

L. E. Power, Chief Chemist, Allen- 
Bradley Co., Milwaukee, Wis. Member 
since 1927. 

C. L. Henprrson, President, The Vick- 
ers Petroleum Co., Inc., Wichita, Kans. 
(August 26, 1947). Member since 1925. 

Lester KirscHpraum, Chemical Engi- 
neer, La Canada, Calif. (September, 1947). 
For many years Vice-President and Direc- 
tor of Research of Flintkote Co., and active 


in many A.S.T.M. affairs. Member since 
1909, and long-time member of the follow- 
ing committees: D-1 on Paint, D-4 on 
Road and Paving Materials, and D-8 on 
Bituminous Waterproofing and Roofing 
Materials. 


Atrrep Suter, ~ well-known textile 
engineer and manufacturer, New York 
City, died October 238, 1947, at New 
Rochelle Hospital following a long illness. 
He had been a member of A 
since 1916 and an active member of 
Committee D-13 on Textile Materials 
since 1924. 


In the death of Mr. Suter the Society 
loses an extremely loyal member who 
had a very high regard for the activities 
of the Society in all its branches. While 
his principal interest was in the textile 
field, nevertheless he had keen knowledge 
of testing problems in other work. One 
of the foremost designers of testing equip- 
ment, he had a very profound knowl- 
edge of this field. A most friendly and 
understanding individual, he always was 
willing to help others. His activities and 
interest in the field of testing and equip- 
ment are evidenced by the numerous con- 
structive contributions he made in his 
chosen field. 

A native of Zurich, Switzerland, he 
came to the United States in 1904 to es- 
tablish a textile machinery importing 
business in New York. He had gained a 
long practical experience in this field in 
association with his father ~in Lyons, 
France. During the first World War he 
began manufacturing testing machinery in 
this country, a business in which he was a 
leader until his death. . 


Notes on Laboratory Supplies 


italogs and Literature; Notes on New or 
Improved Apparatus 


Nore rrom THE Hprror—In addition: 


a listing of catalogs and literature re- 
ived at A.S.T.M. Headquarters, this 
lumn will in the future include notes of 
w and modified instruments. This in- 
rmation will be based largely on litera- 
re disseminated by apparatus manufac- 
rers and laboratory supply houses. The 
irpose of this information in general is to 
st our members and BULLETIN readers 
| developments in the industry and to 
able them to procure literature direct 
ym the source. 


wtalogs and Literature: 


Lrreps & Norrurup Co., 4902 Stenton 
ye., Philadelphia 44, Pa. The latest 
eds and Northrup folder, ‘Modern 
ecision,’ describes numerous instru- 
ents used in materials testing and re- 
arch, including creep testing controls, 
id pyrometer uses, pH equipment, and 
her items, such as dielectric measure- 
ents and insulation tests. 

Also, a 16-page booklet, Catalog ND44- 
) entitled ““Micromax Model R Indicat- 
x Recorders and Controllers,”’ for the use 
instrument men in scientific laboratories 
d industrial plants. This catalog is not 
aited to those instruments used to meas- 
e any one quantity, but it presents 
| Micromax Model R’s, regardless of 
ether they are supplied to measure 
mperature, through the use of thermo- 
uples, Rayotubes, or Thermohms. II- 
strated. 

Catalog T-623 entitled ‘‘Homocarb 
ethod for Carburizing and Gas Cyanid- 
x”? 26 pages, describes for the first time 
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how numerous Homocarb furnaces are now 
being used for gas cyaniding, and provides 
up-to-date information about the latest 
improved equipment for carburizing steel. 
Installation photographs of Homocarb 
furnaces are included, and the improved 
Homocarb control panel complete with 
Micromax Electric Control, time clock, 
accessories, and its related contactor 
cabinet is also described and illustrated. 

Cornine Guiass Works, Corning, 
N. Y. Catalog No. LP28, ‘Laboratory 
Glassware’? covers Pyrex, Vycor, and 
Corning Brands. This 176-page catalog is 
divided into seven parts, as follows: Part 
J—Pyrex Brand Laboratory Ware; Part 
JJ—Vycor Brand Laboratory Ware; Part 
IjJ—Pyrex Brand Fritted Ware; Part IV 
—Pyrex Brand ‘Lifetime Red’? Low Ac- 
tinic Ware; Part V—Corning Brand Alkali 
Resistant (Boron-Free) Ware; Part VI— 
Pyrex Brand Pharmaceutical Ware; and 
Part VII—Pyrex and Vycor Brand Tubing 
and Rod. Detailed descriptions of all 
kinds of glass bulbs, tubes, cups, flasks, ete. 
Illustrated. Complete subject index given 
in the back of the catalog. 

BurRRELL TECHNICAL SuppLy Co., 1942 
Fifth Ave., Pittsburgh 19, Pa. Bulletin 
No. 206, ‘Burrell CO, Indicator,’ de- 
scribes and illustrates this indicator which 
is used by the operating, installation, and 
combustion engineer. Four pages. 

Also, Bulletin No. 207 describing the 
“Burrell ‘Wrist-Action’ Shaker,” with a 
finger-grip clamp for shaking any size 
volumetric flask. Four pages, illustrated. 

Bauscu & Loms Opticat Co., Rochester 
2, N. Y. A new booklet on the subject 
“Binoculars and How to Choose Them,” is 
divided into several sections or chapters 
covering the following: Inside Informa- 
tion on Binoculars; Why You Will Choose 
a Bausch & Lomb Binocular; Balcote 
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Anti-Reflection; Hard Surfacing; What 
Model to Choose; Binocular Models; 
Binocular Accessories; Spotting Scopes; 
Back of Bausch & Lomb Binoculars; Ray- 
Ban Sun Glasses. 32 pages, illustrated. 

Burater, Lrp., 165 W. Wacker Drive, 
Chicago 1, Ill. A four-page folder describ- 
ing and illustrating AB Diamet Hyprez—a 
diamond polishing compound for metallo- 
graphic specimens. The recent introduc- 
tion of diamond dust for this type of work 
has met with great success and should 
interest practically all metallurgists. 

Henry A. GARDNER LaporaTory, INc., 
4723 Elm St., Bethesda 14, Md. Two 
leaflets, one describing ‘Boston-Bradley 
Adjustable Blade for Laying Down Films 
of Any Desired Thickness” and the other, 
“Tnterchemical Direct Reading Wet Film 
Thickness Gage,’ have recently been 
made available by this Laboratory. De- 
tails of each apparatus are given and each 
leaflet is illustrated. 

GENERAL Execrric Co., Schenectady 
5, N. Y. A 44-page catalog entitled 
“Specialized Testing and Measuring 
Equipment Catalog,’”’ giving information 
on more than 90 modern equipments for 
specialized testing and measuring. The 
products in the catalog are grouped under 
functional or ‘use’? headings, such as 
“Time, Speed, and Torque” which ar- 
rangement simplifies locating specific 
products of interest. Equipment covered 
includes Magnetic; Force, Strain, and 
Thickness Gages; Color, Light and Spec- 
tro Equipment; Chemical Analysis, Resist- 
ance and Insulation Testing, Materials: 
Testing, Vibration, Sound and Balancing 
Equipment, etc. Illustrated. 

JARRELL-AsH Co., 165 Newbury St., 
Boston 16, Mass. JACO Catalog No. I-3 
describing. Spectrographic Equipment for 
research in spectroscopy and for spectro- 
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chemical analysis in metallurgy, mineral- 
ogy, agronomy, chemistry, medicine, and 
other fields. 20 pages, 84 by 11 in., illus- 
trated. 


Eastman Kopax Co., X-ray Division, 
Rochester 4, N. Y._ A new 16-page illus- 
trated catalog entitled “Kodak Materials 
and Accessories for Industrial Radiog- 
raphy”’ includes listings of films, exposure 
holders, intensifying screens, chemical 
preparations for processing, darkroom ac- 
cessories, and viewers. A chart indicates 
the relative speed and contrast of different 
types of X-ray films for computing expos- 
ure. 


Haypon Manuracturine Co., Inc., 
Torrington, Conn. A new 16-page catalog 
entitled ‘‘Haydon Timing Motors and De- 
vices” is complete in every detail with 
photographs, profile drawings, shaft draw- 
ings, and complete listings of the speeds, 
voltages, frequencies, shaft sizes, and all 
other standard or special variations avail- 
able in each motor listed. The catalog is 
divided into separate sections or data 
sheets for each of nine different motor 
series manufactured, and for the various 
types of timing devices, such as repeat 
cycle and reset timers, time delay relays, 
interval timers, elapsed time indicators, 
ete. 

Tue Emit GREINER Co., 161 Sixth Ave., 
New York 13, N. Y. Bulletin ICM 96, 
“Automatic Vacuum and Pressure Con- 
trol—for Industry, Pilot Plant, Labora- 
tory.” This particular Bulletin describes 
the Cartesian Manostat—Model No. 5, 
Industrial, a pressure-controlling device 
based on the Cartesian Diver Principle. 
Illustrated with graphs and charts, and 
designs and photographs. Eight pages. 


Also, a one-page leaflet describing the 
Gilmont Ultra-Microburet which gives 
rapid, convenient titration. Ease of opera- 
tion is stressed. 


VoLAND AND Sons, Inc., New Rochelle, 
N. Y. A six-page folder describing 
“Analytical Balances.’ Illustrates, de- 
scribes, gives prices, and features of Vo- 
land Balances. 


Artuur H. Tuomas Co., West Wash- 
ington Square, Philadelphia 5, Pa. A 
twelve-page folder entitled “Stormer Vis- 
cosimeter Including Outfits and Accesso- 
ries for Various Specific Purposes” describes 
and illustrates this instrument. Also 
shows accessory and replacement parts, in- 
cluding the new timer for speeding and 
improving the accuracy of the paint em- 
sistency test. 


Screntiric Giass APPARATUS Co., Inc., 
Bloomfield, N. J. Bulletin G-101, “Gyco 
Heating Jackets for the Laboratory,” a 16- 
page folder giving six major features of 
the jackets, and other details. Illustrated 
profusely. 


Tue R. Y. Ferner Co., 110 Pleasant 
St., Boston 48, Mass. Catalog 100C 
covers Small Precision Instrument Screws, 
Nuts and Small Tools for the manufac- 
turer, instrument maker and repairman. 
Illustrated. 


Kimsie Guass Division or OWwEns- 
Inurnors Guass Co., Box 1035, Toledo 1, 
Ohio. A new Catalog of Laboratory Glass- 
ware, illustrated, with 176 pages, and 
including an alphabetical index. New 
prices are announced in a separate 44-page 
section contained in a pocket on the inside 
back cover of the catalog. This section 
is arranged by catalog numbers and also 
serves as a numerical index. Revised price 
lists are to be issued as required and the 
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price section of the catalog can be kept 
up to date by merely replacing the old 
list with the current one. Wide distribu- 
tion of the catalog is being made through- 
out the research, control, and analytic 
laboratories of science and industry. The 
familiar comprehensive lines of Kimble 
Blue Line Exax Retested and Precision 
Normax graduated ware and Kimble 
Brand ungraduated ware are fully covered. 
For the first time the catalog includes a 
complete listing of Kimble hydrometers 
and thermometers for laboratory use. 
Krouse Testing Macuine Co., Colum- 
bus, Ohio. A new house organ is being 
issued by this company entitled “Krouse 
Test Talk.” The object of the publication 
is the presentation of developments in the 
field of fatigue testing. The first issue 
describes the new repeated stress testing 
machine built for Purdue University, and 
Glen Krouse, the President and founder, 
has an interesting article tracing the early 
Wohler tests down to fatigue testing data. 


Instrument Notes: 


New Move. Batpwin-Emery 300,000 
LB. CEMENT AND CoNncRETE TESTING 
Macuine—The Baldwin Locomotive 
Works, Philadelphia 42, Pa. Features a 
10-in. ram stroke and offers as optional 
equipment, a spherically seated rectangu- 
lar compression head, and bearing plate 
large enough to permit testing of concrete 
blocks 12 in. wide, 18 in. long, and 8 in. 
high. Scribed concentric circles on the 
plate make it equally suitable for standard 
cylindrical specimens. 

CoNVERSION CHART FOR X-RAY Dir- 
FRACTION—X-ray Division, Eastman Ko- 
dak Co., Rochester 4, N. Y. Chart per- 
mits rapid calculation of exposures with 
films of varying characteristics of speed, 
contrast, and graininess. Where a basic 
exposure for diffraction has been deter- 
mined using a given film, the chart pro- 
vides conversion factors by which expo- 
sure for any of five types of film may be 
computed easily. Chart also supplies fac- 
tors which indicate the increase in relative 
film speed obtained by eight minutes’ de- 
velopment in comparison with normal de- 
velopment of five minutes. This permits 
decreasing exposure time by as much as 15 
per cent, depending upon the particular 

m. 

Gear Gace Parer WertcHt—George 
Scherr Co., Inc., 200 Lafayette St., New 
York 12, N. Y. This device serves as a 
paper weight combined with a set of gear 
gages, made of highly polished stainless 
steel. The set is composed of twelve 
leaves which include 24 different gear 
shapes of the following diametrical pitches: 
D. P.—8-4-5-6-7-8-9-10-11-12-14-16-18-20- 
22-24-26-28-30-32-36-40-48-64. The gear 
gages may be used for a quick check of 
gears. The gages are made in 143° pres- 
sure angle, but if desired may be made to 
order in 20° and circular pitch. Other 
shapes or templets, concave or convex 
forms can be furnished to special order. 

Scuizerer ABRASION TESTING Ma- 
CHINE—Sherman W. Frazier, Washington 
3, D.C. This machine produces uniform 
abrasion over a plane area of a specimen 
from every azimuthal direction. It is 
based upon the mathematical solution re- 
cently worked out by Dr. Herbert F. 
Schiefer, Physicist at the National Bureau 
of Standards, to obtain uniformity of wear, 
exluding any preferential direction. 

Dist Type Pocket THermMomETER— 
Scientific Glass Apparatus Co., Inc., 
Bloomfield N. J. This instrument is 
ready for temperature checks in the labora- 
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tory or wherever temperature control : 
important. It incorporates features ob 
the popular larger model used in many, 
laboratories. It is unbreakable. and is 
therefore valuable where a product might) 
be ruined by the breaking of a mercurias 
thermometer bulb. All metal construc+ 
tion of corrosion-resistant stainless stee, 
assures dependable service. Accuracy isi 
guaranteed to 3 of 1 per cent of the entire 
scale range. ‘This thermometer has ¢ 
stem } in. in diameter and 5in. long. Thal 
dial is only one inch in diameter and is pro: 
tected by an unbreakable plastic crystat 
The black figures on the clearly calibratec 
scale are easy to read. 

Taste Mopret ULutTra-SONORATOR-—- 
Fisher Scientific Co., 717 Forbes St.: 
Pittsburgh 19, Pa. The instrument, fo 
generating supersonic energy, is a singl 
frequency generator which operates on any 
a-c. line and produces vibrations of 400 
kilocycle frequency. This Ultra-Sonoratos 
makes it possible for many more industria 
plants, educational institutions, and r 
search foundations to explore the applic 
tions of supersonics to chemical, physical 
and biological problems. The instrument 
consists of two units, one the generating 
circuits and the other an oil bath in whic 
the sample is placed. There are only twe 
controls and the amount of power gener~ 
ated is believed suitable for most resear¢! 
work. Once the instrument is set up, 
experiments are conducted merely by plac+ 
ing the sample (contained in an Erlen 
meyer flask or. other flat-bottomed vessel) 
in the “fountain’”’ produced by the instru+ 
ment. 

Oren Bencu Unit—also Fisher Scien-: 
tific Co. This Unit now makes it possible 
for laboratories to assemble a series of 
workbench units which will fit any walll 
space exactly. It not only is adjustable int 
width to make this perfect fit possible, but: 
also is adjustable in height and serves as a& 
convenient support for analytical balances, 
microscopes, and other instruments whichi 
are employed by the operator when he is: 
in a sitting position. 

Cutscum—available for the first timer 
from Fisher Scientific Co. and Eimer and 
Amend, 635 Greenwich St., New York 14, 
N. Y., a “‘soapless” soap in concentrate 
form particularly recommended for wash— 
ing laboratory glassware. A major ad— 
vantage of the new detergent is that it 
cannot form insoluble precipitates with 
calcium and magnesium. Also it has a phil 
value of 6.3 making it entirely harmless to: 
the hands. It is furnished in eight-ounce: 
bottles and only 3 ml. of the concentrated: 
solution is required per two gallons of wash: 
water. 
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Papers Paged Consecutively 


Starting with this issue, the technical papers, which since March, 1947, Have been erence at the back 


of the Bulletin, will be numbered consecutively throughout the year using TP numbers. 


This is being 


done to simplify reference to technical papers and provide continuous pagination for those who remove 
papers for permanent filing. This new plan for the paging of technical papers is one of the outgrowths 
of a study being made by the Society’s Committee on Papers and Publications to determine the best plan 


for publishing A.S.T.M. papers. 


Symposium on Flammability 


Eprror’s Nortre.—This Symposium on Flammability was presented on October 16, 1947 at an afternoon ses- 
sion of the three-day series of meetings held by Committee D-13 on Textile Materials in Philadelphia.. The 


symposium was held in cooperation with the A.S.T.M. Philadelphia District Council. 


The Program Chair- 


man for the Symposium was R. T. Kropf, Director of Research, Belding Hemingway Corticelli Co. 


Included in the Symposium are the following papers: 


Flammability of Textiles for Garment Purposes—Frederic Bonnet 


Flameproofing in Theory and Practice—R. W. Little 
The Retailer’s Viewpoint on the Flammability of Textiles—C. W. Dorn 


Flammability of Textiles for Garment Purposes 


Beets fabrics 
may be defined as those which catch 
fire readily and burn rapidly. The 
flammability is dependent not. only 
on the kind of fibers used but to a 
very large extent upon the con- 
struction of the fabric. 

The natural fibers, wool, and silk, 
do not burn readily. This is also 
true of such fibers as nylon, ‘“Vin- 
yon,” acetate rayon, and the pro- 
tein, or Azlon, fibers made from 
casein, soybeans, corn, peanuts, 
etc. With a rise in temperature 
they tend to melt and mat to- 
gether thus preventing the ready 
access of air. 

The cellulosic fibers, like cotton, 
linen, ramie, and the regenerated 
cellulose types of rayon do not melt, 
and the air has more ready access 
during their burning. It is from 
this group of cellulose fibers that 
most of the flammable fabrics are 
made. Whether such fabrics may 
be considered dangerously flam- 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the 
attention of the author. Address all communica- 
tions to A.S.T.M. Headquarters, 1916 Race St., 
Philadelphia 3, Pa. 

1 American Viscose Co., Marcus Hook, Pa. 
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By Frederic Bonnet’ 


mable depends primarily upon their 
construction, for the rate of burning 
will depend upon how tightly or 
how loosely the fibers are held to- 
gether in the fabric. If the fibers 
are tightly twisted together and wo- 
ven into a tight fabric, like canvas, 
then ignition is not easy and initial 
burning slow. 

If, on the other hand, the yarn 
has an open, loose twist, and the 
weave is open and sleazy, or if the 
surface is brushed out, or has a 
deep pile, or if the fabric is a fine 
light fabric, then ignition is easy 
and the burning rapid and too 
dangerous for certain types of 
fabrics to be used for garment pur- 
poses. In illustration, the following 
three accidents may be cited. A 
young stenographer was severely 
burned when in striking a match to 
light the kitchen gas range the 
head flew off and ignited the angora 
type sweater with long fuzzy nap 
that she was wearing. The burning 
was so rapid and intense that she 
could not beat out the flames nor 
could the sweater be removed with 
the help of her sister and brother- 
in-law (both of whom were also 


ASTM BULLETIN 


quite severely burned) before seri- 
ous injury had been done. She 
was not only badly burned and 
quite disfigured, but the accident 
permanently hinders the full use of 
her hands. 

The second example is that of an 
18-year-old University of Texas 
co-ed, whose thin, filmy dress caught 
fire when it brushed against a 
lighted candle during a sorority 
initiation and burned so rapidly 
that she died of her burns the 
following morning. 

A third example of flammable 
fabrics is the case of a young woman 
in Washington, D. C., who was 
severely burned when her chenille 
lounging robe caught fire. She 
sued the department store from 
which the garment had been pur- 
chased for $50,000 damages and 
the U. 8. Court of Appeals ruled 
that “since outer garments, in- 
tended for domestic wear, are not 
unlikely to come into momentary 
contact with lighted matches, to- 
bacco, or stoves, it seems to us 
clear that a robe which, when this 
contact occurs, instantly bursts 
into flame and inflicts severe in- 
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jury, is unreasonably dangerous and 
unfit for use.” This opinion was 
upheld by the U. S. Supreme 
Court. 

These three examples have been 
chosen (and many, many more could, 
of course, be cited) because they 
represent three types of flammable 
fabrics. The first was a_ long- 
napped brushed or pile rayon fabric; 
the second was a delicate fine mesh, 
net or sheer fabric made of rayon 
or cotton; and the third was a 
tufted cotton fabric. In each case 
the air had ready access to the fibers 
or fine-sized yarn, so that the fabrics 
burned rapidly once they had. be- 
come ignited. The third example 
was also chosen because it’ brings 
out the responsibility of merchants, 
under warranty, in selling dangerous 
merchandise. 

Another type of flammable fabric 


is one in which a cotton or rayon . 


fabric, which ordinarily would not 
be considered flammable, is made so 
by treating or coating it with a 
flammable material such as pyrox- 
ylin. To this type of flammable 
material might be added certain 
plastic films which not only ignite 
quite readily but melt rather easily 
and the burning blobs of liquid in- 
flict deep and painful burns where 
they fall upon the skin. 

Burning accidents seemed to be 
very much on the increase, especi- 
ally those concerned with garments. 
It was the indignation of a Cali- 
fornia mother which led to the 
passage of the California law. 

She had purchased a chenille 
dressing robe for her small 
daughter and when she got home 
found a tag on it advising that the 
garment be kept away from open 
fires. _ She visualized the danger 
and was indignant that such gar- 
ments should be sold which en- 
danger the lives of women and 
children. 

The California law as first drawn 
up made it “unlawful to manufac- 
ture, sell, or offer for sale any 
article of wearing apparel, cloth, 
drapery, etc.,...more highly flam- 
mable than cotton cloth in its 
natural state.”’ 

Unfortunately, comparing the 
flammability to cotton cloth in its 
natural state was too vague and 
‘uncertain to make such an act en- 
forceable. However, in an amended 
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form, this bill was signed by 
Governor Warren in June, 1945, 
and included fabrics and garments 
made of either natural or ‘“syn- 


* thetic” fibers proven to be flam- 


mable by tests to be made by the 
State Fire Marshal. 

What was urgently needed was 
a reliable testing method by means 
of which the rate of burning of any 
fabric could accurately be measured 
and determined. Having deter- 
mined the relative rates of burning, 
it would then be possible to decide 
which fabrics burn so rapidly that 
they constitute a definite fire hazard, 
especially when used in garments, 
and should therefore be outlawed. 
Realizing not only the need of a 
testing method, but also that one 
should be obtained as soon as pos- 
sible since both state and national 
legislation were pressing, Dr. L. A. 
Olney, chairman of the Research 
Committee of the American Associa- 
tion of Textile Chemists and Color- 
ists, appointed a committee to in- 
vestigate the matter with H. E. 
Hager aschairman. This was done 
shortly after the original Fabrics 
Flammability bill was introduced 
into the California Legislature in 
January, 1945. ; 

The committee’s work resulted 
in developing the tester and method 
of test which is described in detail 
in the 1946 Yearbook of American 
Association of Textile Chemists and 
Colorists and also in the Recom- 
mended Commercial Standard TS- 
4350 for Flammability of Textiles. 
Appended to this paper are the Oper- 
ating Instructions and Test Pro- 
cedure for A.A.T.C.C. Flammability 
Tester. 

In developing this A.A.T.C.C. 
fabric flammability tester, one of 
the first considerations was to 
determine whether a flame or the 
radiant heat of a glowing wire 
should be used as the source of 
ignition. A flame was decided upon 
as this seemed to be the most com- 
mon cause of fabric ignition. In 
many reports of accidents, a glow- 
ing cigarette is blamed for setting 
fabric afire, but the committee was 
never able to get ignition even of 
delicate fabrics when exposed to the 
glowing end of a cigarette. 

Another question that arose was 
whether the sample should be 
tested in a vertical, a horizontal or 
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some other position. Tests showed 
that in the vertical position almost 
all samples burned so rapidly that 
it was difficult, if not impossible, to 


determine a difference in the rate of 


burning. Horizontal tests, on the 


other hand, were rather slow burning 


te 


and did not give proper results with — 


tufted fabrics that seemed to burn 
at about the normal rate of the back- 
ing cloth, and yet tufted and che- 
nille types of fabric were known 
to be dangerously flammable. 
A 45-deg. angle, that is halfway 
between the horizontal and vertical 
method of testing, was therefore 
chosen as it gave a good rate of 
burning, yet made it quite possible 
to measure the different rates of 
burning. 

The next question was the size 
and kind of flame to use as many 
accidents seemed to have been 
caused from the flame of a match, 
so a flame about 2 in. in length 
was chosen. To get a uniform 
flame intensity, pure butane, which 
can now be readily obtained in small 
cylinders at nominal cost, 
chosen. 

It was also important to deter- 
mine the length of time the flame 
should be left in contact with the 
sample. A piece of 80 square 
cotton sheeting which, of course, 
will burn but which cannot be con- 
sidered flammable, was chosen as a 


dha 


was — 


standard in determining the time — 


of flame contact. If the butane 


flame is allowed to impinge ona duly | 


dried and prepared sample of this 
sheeting for-one second, it will be 
scorched at the point of flame con- 
tact but not be set on fire, and 
samples under test would thus be 
exposed to the same heat intensity’ 
for the same length of time. 

A troublesome question was how 
best to condition samples so as to 
get check results. The committee 
felt that since practically all bad 
accidents had happened while the 
fabrics were dry, testing should be 
done under the most’ dangerous 
condition, namely, dry, which is 
a condition incorporated in the 
test method. 

In order to check the testing 
method itself, seven machines were 
built and were distributed among 
seven laboratories. With the de- 
tails of the machine worked out, 
several types of brushed fabrics 
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vere obtained and samples of these 
vere distributed to the different 
aboratories for test. Much to the 
surprise and disappointment of the 
committee, the different labora- 
ory results did not check. Then 
segan the long task of studying 
sample preparation and condition- 
ng for test. The condition of the 
abric surface was found to be one 
of the critical factors which led to 
the development of the combing 
device. 

While all this work was going on, 
the matter of flammable fabrics 
was suddenly and __ tragically 
brought to the attention of Congress 
and the nation in early April, 1945, 
when three small boys were burned 
to death and some seven others 
injured right in Washington when 
their cowboy suits caught fire while 
playing around an unattended brush 
fire. This focused attention on 
flammable fabrics and prompted 
demands for restrictive legislation. 
Congressman LeRoy Johnson of 
California had already read a bill 
to outlaw flammable fabrics that 
was essentially the same as the 
original California bill in which all 
fabrics were ‘‘compared to cotton 
cloth in its natural state.” 

Lest unwise legislation be forced 
through Congress, an informal meet- 
ing in Representative LeRoy John- 
son’s office was arranged for by the 
National Retail Dry Goods As- 
sociation where Cameron Baker 
demonstrated the A.A.T.C.C. ma- 
chine. Members of the committee 
made it clear that before any 
legislation could be effective a suit- 
able test method would first have to 
be devised and this would take some 
time. Testimony also brought out 
the fact that the flammability of a 
abric was not necessarily due to the 
<ind of cellulosic fibers, whether 
sotton, linen, ramie, regenerated 
ype of rayon, etc., of which the 
‘abric was made, but upon the con- 
struction of the fabric, as already 
nentioned. By means of the tester 
he relative burning rate of various 
sypes and kinds of fabric could be 
Jetermined. . 

The final question was which 
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should be considered too hazardous 
to be worn for outer wearing ap- 
parel? To answer this question was 
not easy. However, the committee 
obtained samples of fabrics from 
garments which had actually been 
worn at the time of accidents. If 
such actual fabrics were not avail- 
able, samples of new material of 
which the accident fabric had been 
made were obtained. Checking as 
many such samples on the A.A.T.- 
C.C. tester as possible, the com- 
mittee found that fabrics tested 
under the standard conditions of 


‘test, which were readily ignited by 


the one second contact of the 
standard flame and burned 5 in. 
in 2 sec. or less, had definitely caused 
serious and some fatal accidents. 
Fabrics which had a rate of 5 in. 
in 4 sec. were in their opinion, too 
near to the borderline of dangerous 
fabrics to be considered safe. In 
consequence, fabrics rated at 5 in. 
in 6 or more sec. were considered 
safe for wearing apparel. 

Cases are on record where nitro- 
cellulose-coated fabrics have been 
the cause of fatal accidents. For 
example, in one case the coated 
material was made into an apron 
and when wrapped around the 
hand to “‘protect”’ it while removing 
baked bread from a hot oven it 
burst into flame resulting in panic 
and a painful death of the victim. 
Then there is the report from the 
California State Fire Marshal in 
December, 1946, which told of a 
fatal accident when a little five- 
year-old girl in Whittier, Calif., 
backed into ‘an electric radiant 
heater and ignited her raincoat. 

The A.A.T.C.C. method has also 
been turned over to the National 
Bureau of Standards, Division of 
Trade Standards and a tentative 
Commercial Standard TS-4350 en- 
titled Flammability of Textiles, 
has been sent out for approval. 
Three bills concerning flammable 
fabrics were introduced at the last 
Congress. Two bills, one by Rep- 
resentative LeRoy Johnson of Cali- 
fornia and one by Representative 
Canfield of New Jersey, are quite 
similar but they unnecessarily take 
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in a great many fabrics. A third 
bill, restricted to wearing apparel, 
was introduced in the House 
by Representative Wat Arnold of 
Missouri and the same bill went 
to the Senate and was intro- 
duced by Senator Capehart of 
Indiana. This bill, which had been 
worked over with some seven re- 
visions, is sponsored by the Na- 
tional Retail Dry Goods Associa- 
tion. A hearing before the Inter- 
state and Foreign Committee, to 
which the bills were referred by 
the House, was held last March 
which brought much interesting 
evidence. 

No doubt bills concerning flam- 
mable fabrics, quite aside from the 
general interest which the Cali- 
fornia law and the proposed Federal 
bills have aroused, are causing 
manufacturers, converters, and re- 
tailers to wonder whether their 
merchandise is legal in California. 
The enforcement of the California 
law was placed in the capable 
hands of the State Fire Marshal, 
Joe R. Yockers, whose very fair 
interpretation of the law has greatly 
eased the fears of the textile trade. 
However, this state law poses the 
question as to what the result will 
be if each of the 48 states passes its 
own flammable fabrics law, with 
various interpretations and enforce- 
ments. 

In view of this, the California 
legislature has memorialized Presi- 
dent Truman to have Congress pass 
a Federal law for uniform enforce- 
ment. It remains to be seen 
whether there is to be a Federal 
law, whether industry will enter 
upon an educational program as 
suggested by the various cotton 
groups, or whether some form of 
approved labeling program for flam- 
mable fabrics will be put in effect. 

But in any case, the interest 
which has been aroused due to the 
increase in painful, disfiguring, and 
all-too-frequent fatal accidents 
makes it seem most likely that some 
form of protection will be enacted 
by Federal legislation or by volun- 
tary agreement in the industries 
involved. 
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APPENDIX 


OPERATING INSTRUCTIONS AND TEST PROCEDURE FOR 
A.A.T.C.C. FLAMMABILITY TESTER’ 
Tentative Test Method 


Scope: 


The object of this test procedure and 
the Flammability Tester is to evaluate 
textile materials for flammability charac- 
teristics by measurement of rate of burn- 
ing. 


1. Test Apparatus (Description of Flam- 
mability Tester): 


A. Draftproof Chamber with Adjustable 
top. 

1. This metal chamber prevents air 
circulation around the specimen 
rack and flame, but permits free 
ventilation for rapid oxidation. 

2 The top is adjustable and remov- 
able. 

B. The specimen rack is fixed at an 
angle of 45 deg. and consists of a 4 by 
7-in. framework strung with heat trans- 
mitting wire laced horizontally. 

C. Specimen Shield. 

1. This shield, controlled by a hand 
lever, covers all but 14 in. of the 
width of the test specimen for the 
full length. 

2. Shield is raised for the insertion of 
test specimens and must be brought 
to bear on the sample face before 
the start of the test. 

D, Indicating Finger. 

1. The forepart of this finger rests on 
the wire lacings when the sample 
rack is brought all the way for- 
ward. 

2. By means of this finger, the thick- 
ness of the sample is compensated 
for in the throw of the gas nozzle. 

FE, Control Knobs (Not Shown). 

1. There are two of these knobs 
which hold the rack in test position. 

2. The knobs can be reached under 
the stage of the cabinet and permit 
forward and backward movement 
of the rack when loosened. 

F. Gas Nozzle. 

1. The gas jet consists of a 36-gage 
hypodermic needle protected by a 
copper shield formed around it. 

G. Stop Cord. 

1. This cord stretched from the spool 
P down over the top of the rack 
and through the loops in the shield 
and across to the stop mechanism 
measures the vertical height of the 

, flame. 

H, Pulley or Eye. 

1. Support and guide for stop cord. 


u Reprinted from Proceedings American Associ- 
ation of Textile Chemists and Colorists. 
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Flammability Tester 


Stop Weight. 

1. The weight attached by means of 
a clip to the stop cord, in dropping, 
actuates the stop motion. 


. Slide Door Control. 


1. This knob moves the catch mech- 
anism used to hold the sliding door 
(not shown in actual position) in 
an open condition for insertion of 
test specimens. 


. Slide Door. j 


1. A glass door (shown in end view) 
in its normal position slides in 
the grooves at the front of the 
cabinet. 


. Fuel Control Valve. 


1. Consists of a sensitive control 
device for regulating the fuel supply 
at the tank. 

2. The valve ends in a 3-in. female 
connection for attachment to the 


standard butane tank of two’ 


pounds capacity. 

3. A flow meter (not shown) is used 
to bring the fuel supply to test 
level by means of the control 
valve. 

4. The flow meter consists of a U- 
shaped glass tube cut into the gas 
line in a manner to register the gas 
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pressure delivered to the micro- 
burner. Attached to the case wall 
behind the flow meter is a movable 
metal plate with two parallel hori- 
zontal lines one inch apart. When 
the pressure is off, the plate is so 
regulated that the liquid level in 
both sides of the U-shaped tube 
meets the lower line. When the 
test is made the pressure is so 
adjusted that the highest liquid 
level in the U-shaped tube meets 
the upper line. 


M.cp. Butane Container. 


1. This fuel supply, which is not fur- 
nished as part of the test equip- 
ment, is a No. 4 cylinder of ep. 
butane. 


N. Stop Watch and Timing Mechanism. 


1. This watch, by means of special 
attachments, is actuated to a start 
by connection with the gas jet F. 


2. A driving mechanism on rear of 


cabinet (not shown) moves the gas 
jet to its most forward position and 
automatically starts the timing at 
the moment of flame impact. 


3. The falling weight J when caused 


to move by severance of cord G@ 
stops the watch. 
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4, Timing is read directly. 

Starting Lever. 

1. This lever is operated from left 
to right in one stroke and is re- 
leased to operate the gas jet. 

Cord Supply. 

1. This supply, consisting of a spool 
of No. 50’s mercerized cotton 
sewing thread, is fastened to the 
side of the chamber and can be 
withdrawn by releasing the thumb 
screw holding same in position. 

Cord Loop. 

1. At a point behind G on the rear 
panel, there is installed another 
loop (not shown in cut) to draw 
the cord away from directly over 
the flame. 

Draft Ventilator Strip. 

1. A draft ventilator strip (not shown 
in cut) is placed across the front 
opening, sealing the space between 
the sliding door when in lowered 
position and the base on which 
the grid rack is attached. 


Description of Combing Device: 


As shown in the photograph, this ap- 
ratus consists of a base board over 
ich a smaller carriage is drawn by 
ans of a counter weight. This carriage 
us on parallel tracks attached to the 
yes of the upper surface of the base 
ard. The comb is hinged with pin 
iges at the rear edge of the base board 
d rests on the carriage with a pressure 
200 g. 

After the sample has been put in place 
the carriage and fastened by means of 
> clip, the comb is raised, the carriage 
shed to the rear, the comb lowered to 
» face of the sample. The carriage is 
m released and is drawn forward by 
ans of the 228-g. weight attached to 
> front end of the carriage by a cord. 
is cord runs over a grooved pulley as 
suide and allows for free running of the 
Tiage. 

. Pretesting of Fabrics: 

A piece of the material in question (2 
by 6 in.) is combed, dried, desiccated, 
d tested on the apparatus to determine 
ether said fabric is flammable. If 
» fabric does not burn, or burns very 
wly, a piece of fabric large enough for 
» required number of tests is washed 
the following procedure. 


Washing Procedure: 


Make up a bath containing 0.5 per cent 
utral chip soap, volume of bath 30 
1es the weight of material. Warm the 
th to 95 to 100 F., immerse the material, 
d work gently by hand for 5 min. 
nce twice in clear water at 80 to 85 F., 
ract and dry. 
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Combing Devices 


The fabric is then tested by the regular 
procedure. This washing procedure should 
remove most of the. water-soluble fire- 
retardant finishes. 


V. Preparation of Samples: 


The direction of the nap face is first 
determined on receipt of fabrics for test. 
Terms used: 


a a AY i 


With Nap 


[LAS del ban BGS 


Nap 
a Nr SD: SE SP 


Against Nap 


Base Fabric 


Mark out on the fabric back, the size 
of the samples (2 in. by 6 in.) to be used. 
Mark the individual sample before cutting 
with a staple as shown by the following 
sketch. 


The required number of samples are 
then cut. Each sample is placed on the 
combing device carriage and drawn un- 
der the comb once against the lay of 
the napped face surface. The samples 
are then placed in an oven at 105 C. for 
15 min., removed and desiccated over 
calcium chloride for 5 min. 

Individual samples are then removed 
from the desiccator, placed on the comb- 
ing carriage, and drawn under the comb 
once in the direction of the lay of the 
napped face surface. The samples are 
then placed on the grid on the flammability 
testing device and tested according to 
the regular procedure as follows: 


VI. Direction for Use: 


A. The control valve from the fuel supply 
is opened and adjusted to the test 
level. Some time has to be allowed 
in order to drive the air from the fuel 
lines. This interval should be ap- 
proximately 5 min. A flame is then 
applied to the gas nozzle in its 
starting position. The sample rack 
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with the test specimen in place 
(stapled end at top of Grid) is 
brought forward to the point where 
the indicating finger touches the face 
of the sample and is then locked. 
The shield over the test specimen 
should be in place when this adjust- 
ment is made. © 

The cord is strung through the loops 
in the shield, across the top of the 
sample, through the loop on the 
rear panel and over the guide ring 
and then the weight is hooked in 
place close to and just below the 
guide. 

C. The stop watch should be set at zero 
at the start of each test. 

The slide door should be in close 
position at the start of the test. 
Bringing the starting lever over to 
the extreme right and releasing it 
will start the timing mechanism that 
supplies the gas jet to the face of the 
fabric. 

F. Timing is automatically recorded 
by the watch, starting upon applica- 
tion of the flame, and ending with 
the cord burning through at the end 
when the flames reach the cord line 
which is horizontal to the top of the 
sample. 

G. Tests should be conducted in a 
draft-free room. 


VII. Suggested Interpretation of Test 
Results: 


The results of tests on the five samples 
are averaged. If the average figure is 6 
sec. or higher, the fabric may be con-. 
sidered not dangerously flammable. If 
lower, the fabric may be considered 
flammable and unsafe when worn by per- 
sons. No individual sample shall show a 
flammability rate less than 5 sec. If 
failure occurs on any count, indicating 
the critical nature of the material, a re- 
test is to be made on five additional 
samples; and if the material-is to be de- 
clared acceptable, the average of the 
entire ten samples is to be 6 sec. or higher 
and no individual specimen of the second 
lot of five is to be below 5 sec. 
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Flameproofing in Theory and Practice Hy 


Ae treatment of 
textile fabrics to increase their re- 
sistance to flaming combustion is not 
new, nor is the institution of legis- 
lation restricting the use of highly 
flammable fabrics for certain end- 
use purposes. Both the technical 
and legislative aspects of flameproof- 
ing, however, have been greatly re- 
activated in this country in the last 


five years. The other two papers of - 


this program discuss the status of 

- legislative action regarding flamma- 
bility, the degree of flame-resist- 
ance required for various applica- 
tions, and the fabrics principally af- 
fected. I should like to consider the 
means of achieving the desired re- 
sistance to fire by reviewing briefly 
the mechanisms by which flame-re- 
sistant compounds are believed to 
function and the practical formula- 
tions employed in their commercial 
applications. Thus far the major- 
ity of these more fundamental con- 
siderations are confined to cotton 
and rayon fabrics. 


FLAMEPROOFING MECHANISMS 


The chemical nature of the ac- 
tive ingredients of flameproofing 
formulations and the mechanisms 
by which they function have been at 
least partially revealed by the many 
wartime researches of industrial 
groups and Government laborato- 
ries. The over-all picture of the re- 
quirements of a flameproofing agent 
is that it shall be intimately mixed 
with the fibers and be capable of 
performing its function at the time 
the material reaches flame tempera- 
tures. In many cases the actual 
active ingredient cannot be affixed 
to the fabric as such due to its fugi- 
tive nature or the degrading action 
it may exert. Therefore, it must be 
released at the proper time and in 
the proper place as a result of a re- 
action occurring at the time of in- 
cipient flaming. 

When heated to temperatures ap- 
NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the at- 
tention of the author. Address all communica- 
tions to A.S.T.M. Headquarters, 1916 Race St., 
Philadelphia 3, Pa. 


1 Director of Boseurely Ellicott Laboratories, 
Lawrenceville, 
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By Robert W. Little’ 


proximating that of a flame, cellu- 
lose is degraded into three phases: a 
solid char, a volatile liquid of tarry 
nature, and a gaseous fraction. Sev- 
eral independent investigations have 
shown that the occurrence of flam- 
ing combustion depends upon the 
relative amounts of these decompo- 
sition products and the rate at 
which they are formed. Since 
flaming is essentially the rapid oxi- 
dation of a combustible vapor, the 
prevention of flaming could theoreti- 
cally be accomplished by retaining 
all decomposition products in the 
solid and gaseous phases. The ideal 
case, then, would be a quantitative 
transformation of cellulose into car- 
bon and water. The absence of 
any intermediate decomposition 
products of a combustible nature 
would preclude the occurrence of a 
flaming reaction. In actuality, the 
addition of a flameproofing agent to 
cellulose does markedly increase the 
amount of char formed on thermal 
degradation. Furthermore, the ef- 
fect is proportional to the efficiency 
of the material added in actuality 
preventing flaming in practical burn- 
ing tests. Contrary to early beliefs, 
the truly gaseous products do not 
play a major role in flameproofing 
reactions. The amount and rate of 
gas formation are increased upon 
the addition of flameproofing salts, 


but there appears to be no change 


in the flammability of the gases 


evolved. Even more conclusive is _ 


the fact that the effect of salts upon 
the gases formed is fairly constant 
irrespective of the efficiency of the 
compound as a  flame-retardant. 
The volatile, liquid tarry products, 
on the other hand, are highly com- 
bustible and serve as fuel for the 
flame. The addition of flame-re- 
tardant salts reduces the amount of 
tar formed and the reduction is pro- 
portional to the efficiency of the 
added salt in the prevention of 
flaming. When actually evolved, 
the tarry products are accompanied 
by appreciable quantities of water. 
At the same time that the amount of 
tar is reduced by retardant action, 
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the quantity of water formed is m! 
terially increased. In summan 
then, the effect of a flameproofin 
material upon the thermal decor: 
position of cellulose is to confi 
much of the flammable, liquid deg 
radation products to the solid ch 
phase and, at the same time, dilu 
the remaining combustible vapor 
with large amounts of water. 

Many divergent theories ha 
been advanced to explain thes 
observed effects in terms of chem 
cal and physical relationships bt 
tween the’ fiber and the retardam 
A purely physical mechanism whid 
has been suggested is the coating - 
the fiber or thread with a glass-hil 
material that serves as a_barri’ 
between fabric and flame. Thes 
is evidence to support such a mee) 
anism in many cases, although th 
nature of the coating appears mo. 
often to be foam-like rather the 
glassy. In agreement with the o1 
served effects, combustible tart 
degradation pronee are apparent! 
entrapped in the coating and furthi 
degraded to the gaseous and soll 
phases. 

Many compounds, particular 
the ammonium halides and othg 
ammonium salts, are believed ~ 
function by the evolution of lar 
quantities of noncombustible vape 
which serve to dilute the combust 
ble atmosphere surrounding th 
fiber. This may well contribute ~ 
the over-all effect in many case 
That it is a major factor is 
likely, however, considering th 
much greater amounts of gases pr 
duced by the degradation of oS 
lose itself. 

A third physical mechanism ay 
vanced is that some compounds | 
duce flaming by the absorption 
large quantities of heat as a rest 
of physical changes in the retardan 
The evidence appears to be again | 
such a phenomenon. 

Probably the best existing the: 
ries of the manner in which flam 
proofing agents perform are t 
which regard the relationship 
chemical rather than physical. T 
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t of these, in agreement with the 
al case wherein cellulose is trans- 
med to carbon and water, pro- 
es a catalytic dehydration action 
flame temperatures. This is 
mgly supported by experimental 
a, by the known dehydrative 
perties of many of the acid an- 
lrides, and by the relative per- 
mance of those salts which can 
rate the acid residue on heating 
compared with those which are 
rmally stable. 
The same phenomena are inter- 
ted in different terms, accord- 
to the second of these theories, 
being a question of comparative 
lrogen bonding energies. This 
posal is also supported by the 
@ available and by the fact that 
- anhydrides formed from inor- 
lic acids and their acid salts pos- 
s high hydrogen bonding activ- 
The formation at flame tem- 
atures of a residue capable of 
racting and holding adjacent cel- 
se chains would certainly tend 
increase the average size of frag- 
nts formed and increase the solid 
ir at the expense of the volatile 
ry vapors. 
The mechanisms discussed thus 
have considered only prevention 
the flaming of a fabric. It has 
mn recognized recently that the 
nomenon of after-glow is an 
irely different reaction inde- 
ident of the after-flaming tend- 
yy. Whereas there are innumer- 
e compounds possessing flame- 
arding properties, there are very 
r glowproofing agents and only 
) theories of their method of op- 
tion. Certain salts have been 
nd to produce a more or less 
‘tinuous film on the surface of the 
ar when heated to flame temper- 
res. Since afterglow is the oxi- 
ion of the residual carbon fila- 
nt, the exclusion of oxygen re- 
ting from such a coating would 
expected to reduce the glowing 
dency. 
\ more efficient and better sub- 
ntiated mechanism is a catalytic 
ct on the course of the oxidation 
carbon. The amount of heat 
ved in the oxidation of carbon 
the dioxide is approximately 3.5 
es that evolved in forming the 
noxide. The preferential forma- 
2 of CO rather than CO, appar- 
ly reduces the heat evolved to a 
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point where it is insufficient to sup- 
port a self-sustaining glowing reac- 
tion. 

In considering the nature of 
flameproofing compounds and their 
mode of action, it is apparent that 
in many cases more than one of the 
suggested mechanisms may func- 
tion concurrently. This is particu- 
larly true because of the chemical 
complexity of some of the commer- 
cially available flameproofing for- 
mulations. 


FLAMEPROOFING COMPOSITIONS 


The classification of a compound 
or mixture as a flameproofing agent 
should be based upon the effective- 
ness of the material in preventing 
the flaming of a fabric. The addi- 
tion of any nonflammable substance 

» will reduce the flammability of a 
fabric. In order to qualify as a 
true flame retardant, however, the 
effects should be obtainable at rela- 
tively low add-ons by one of the 
mechanisms mentioned previously, 
rather than by merely diluting the 
combustible material. 


Of the many flameproofing com- ° 


pounds now commercially available, 
the majority consist of water-soluble 
salts or mixtures which fall into the 
category of temporary or transient 
treatments. The grouping of these 
materials may be based upon their 
chemical nature and the mechanism 
by which they are believed to func- 
tion. 

Borax, aluminum sulfate, and 
mixtures of borax and boric acid or 
borax and the ammonium phos- 
phates represent the class of retard- 
ants which function by virtue of a 
physical coating phenomenon. These 
are generally highly hydrated, low 
melting salts or mixtures. Phos- 
phorie and sulfuric acids and their 
ammonium salts, ammonium molyb- 
date, zinc chloride, and antimony 
oxychloride are examples of the 
group covered by the catalytic 
dehydration or hydrogen bonding 
theories. In agreement with the 
proposed mechanisms, the salts in 
this category must be capable of 
releasing the acid anhydride on 
heating. Finally, the carbonates, 
ammonium halides, and other am- 
monium salts fall in the class cap- 
able of generating a nonflammable 
atmosphere when heated. 

The temporary, water-soluble 
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treatments possess the advantages 
that they are easily applied, are 
extremely effective at relatively low 
add-ons, and do not greatly affect 
the desirable physical characteris- 
tics of the fabric such as hand and 
color. The flame-resistant proper- 
ties are purely temporary, however, 
and any exposure to water com- 
pletely destroys the effectiveness of 
the treatment. Accordingly, these 
materials are applied with the in- 
tention of periodic festing and re- 
processing. The most serious dis- 
advantage of the water-soluble salts 
is their tendency to undergo physi- 
cal or chemical changes on exposure 
to high temperatures or humidities 
or even on prolonged exposure to 
normal environmental conditions. 
In many instances, the residue re- 
maining is either no longer effective 
as a flame-retardant or is acid or 
basic in nature, thus having a dele- 
terious effect on the fabric. Unless 
careful periodic testing programs 
accompany the use of water-soluble 
salts, considerable uncertainty may 
exist regarding the flame resistance 
remaining at any given time in the 
life of the fabric. 

A great many flameproofing com- 
positions have been advanced for 
imparting more or less permanent 
flame resistance to fabrics. Rela- 
tively few of these, however, have 
proved themselves capable of prac- 
tical commercial application. <A 
simple subdivision of the available 
processes would be those in which 
the active retardant ingredients 
are physically bound to unmodified 
cellulose fibers and a second type 
which depends for its effectiveness 
upon chemical modification of the 
cellulose molecule. 

The earliest approach to perma- 
nent flameproofing was of the former 
type, employing a double bath tech- 
nique. This consists of depositing 
an insoluble salt in and on the fibers 
by immersing the fabric in two aque- 
ous solutions, the dissolved solids 
reacting either at the moment of 
immersion in the second bath or 
during subsequent drying. A typi- 
cal example is the Perkins process 
wherein hydrated stannic oxide is 
precipitated by successive 1mmer- 
sions in sodium stannate and ammo- 
nium sulfate solutions. A novel 
adaptation of the same principle 
lies in dissolving both salts in a suit- 
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able organic solvent, depending 
upon subsequent exposure to water 
or to water vapor to bring about the 
desired interaction. The two-bath 
processes in general benefit by good 
penetration and distribution and 
have relatively little effect upon the 
hand and appearance of the fabric. 
In most cases, however, they require 
moderately high add-ons and are 
progressively susceptible to launder- 
ing. They may be regarded as in- 
termediate between water-soluble 
salts and the pigment dispersion 
formulations. 

At present, the most common ap- 
proach to permanent flameproofing 
is the use of pigment dispersions. 
In essence, the insoluble retardant 
is applied to the fabric in a finely 


divided state by means of solvent - 


suspension or emulsion vehicles. 
Many types of inorganic and or- 
ganic flameproofing compounds can 
be applied in this manner, the most 
widely used combination in the past 
being a mixture of metallic oxides 
and chlorinated waxes or resins. 
Several commercial products or 
finishes of this type are available 
for use today. 

The criticisms of such formula- 
tions are the high add-ons required 
and the corresponding effects on the 
physical characteristics of the fab- 
ric. On the credit side there are 


The Retailer's Wiewpoint on the Flammability of Textiles 


F LAMMABLE materi- 
als have been defined. as those 
which catch fire readily and burn 
rapidly. This definition is con- 
fined to fabrics and I would like to 
include articles of adornment such 
as combs, buttons, ete. 

Ten years ago we had a few 
isolated cases of injury or death 
from flammable materials. Going 
back over the records we find in- 
stances where people were hurt or 
killed from the rapid burning of 
various types of wéaring apparel 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication. or for the 
attention of the author. Address all communica- 
tions to -T.M. Headquarters, 1916 Race S8t., 
Philadelphia 3, Pa. 

1 Director Research Laboratory, J. C. Penney 
Co., Inc., New York, N hairman, Technical 
Committee, National etal Dry Goods Assn. 
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- lose molecule. 


many advantages. The flameproof- 
ing process leaves the fabric with 
its original tensile strength or it 
may even produce a gain in strength. 
The treated fabrics possess the 
greatest resistance to wet and dry 
cleaning operations of.any of the in- 
soluble flameproofing processes. The 
compounds are generally very easily 
applied on available finishing equip- 
ment, require only normal drying 
temperatures, and permit very fast 
running speeds. Coloring pigments 


may be included in the formulation, 


or, where desirable, proper com- 
pounding can result in various de- 
grees of stiffness similar to perma- 
nent sizing effects. Finally, in the 
proper selection of fabrics it is possi- 
ble to turn the loading into material 
advantage for the finisher or con- 


verter, by permittingthe use oflower- , 


count, lighter-weight materials for 
certain end-uses. 

The last-mentioned process for 
obtaining permanent flameproofing, 
and the latest to be adapted to com- 
mercial operations, consists of a 
chemical modification of the cellu- 
The principal appli- 
cation thus far has been the esteri- 
fication of cellulose with inorganic 
acids, notably phosphoric. The re- 
sulting phosphate ester is rendered 
resistant to laundering by the forma- 
tion of complex salts of the unre- 


By Charles W. Dorn’ 


or ornaments. In one case a woman 
was severely burned around the 
head when an ornamental comb 
made of cellulose nitrate was ignited 
by a candle on a restaurant table. 
Another accident occurred when the 
buttons on a woman’s dressing gown 
were ignited. These buttons were 
made, also, from cellulose nitrate 
and in the shape of a flower from 
very thin sheets with serrated edges. 
There are cases where people were 
badly burned with negligees or 
robes and several instances where 
loosely brushed rayon sweaters 
caused severe injury. There were 
also several cases where net evening 
gowns were involved. One case 
of this nature happened recently 
in the town in which I live, that 
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_ the strength decrease being’ propor 


| 
acted acid groups, the permanence 
being proportional to the comple; 
ity of the amide formed. TI 
principal advantages of this type: 
process are that efficient flame ar 
glow resistance can be achieved witi 
somewhat lower add-ons than in tl 
case of the pigment dispersion tee: 
niques and there is less effect on th 
physical characteristics of the fa: 
ric. Principal criticisms at ti 
present time appear to be related - 
secondary effects of the esterificatig 
reaction. The treatment is accom 
panied by losses in fabric strengst 


tional to the permanence achieve 

Also, by virtue of the nature 
the retardant complex, the treats 
fabrics possess limited resistance - 
laundering operations. 

During the past year or two, coz 
siderable progress has been made : 
the development of commercii 
flameproofing compounds and pros 
esses. Increased activity on th 
part of manufacturers of textii 
auxiliaries and industrial chemicas 
promises continued refinement | 
flameproofing materials, but th 
treatment of fabrics to render the: 
resistant to fire has progressed b: 
yond the novelty stage and mater 
alized as a finishing technique 2 
ready capable of meeting the majai 
ity of requests for its application. — 


brought home the problem vex 
forcefully. 

A local dancing school was havix 
its annual recital and the group pe 
ticipating ranged from very yout 
children to the teen-age or ba 
room dancing group. In this tee 
age group there was a girl about - 
years old who had on a long net eve 
ing gown. During the recital sk 
stepped on an electric cable white 
fed some of the flood lights. T 
cable shorted, there was a flash a 
an electric spark, and she w 
covered with flames almost insta: 
taneously. Fortunately, the boo 
of the dress was made of acetas 
rayon, over which the net 
draped, and which was complete: 


snted the spread of fire inwardly, 
lus preventing serious injury. 

There are also numerous cases on 
cord of death or injury from coated 
aterials. 

As time went on these accidents 
scame more and more frequent 
ntil the National Retail Dry 
oods Association took definite 
eps to try to eliminate the hazard 
‘om flammable buttons and orna- 
ents. Numerous conferences were 
eld with the various manufac- 
Irers and much was accomplished 
yward eliminating these articles 
omuse. These accidents, as before 
ated, became more and more fre- 
uent until the whole problem 
as brought sharply into focus 
rough the death or injury of a 
umber of small boys playing in 
owboy suits which were highly 
ammable. Litigation is pending? 
n the cowboy suit accidents total- 
ig a million and a half dollars. 
his litigation is not only against 
ae retailer but in many instances 
cludes the cutter and the fabric 
anufacturer—in fact, anyone who 
ad anything to do with the makeup 
f these garments. 

It is obvious from the above 
onditions that something had to be 
one to remedy this situation. 

Much has been said in regard 
> the responsibility, legally and 
nancially, in case of such ac- 
idents. Mr. Bonnet has mentioned 
case in Washington, D. C., where 
he retailer was held liable on im- 
lied warranty that a garment was 
t for the use intended and that the 
ct that it was highly flammable 
1ade it unfit for such use. Let us 
ot forget, however, that if this 
nplied warranty applies between 
ne retailer and the customer, it will 
lso apply between the retailer and 
1e manufacturer. Regardless of 
here the fault lay, the National 
etail Dry Goods Association took 
eps to do what it could to remedy 
is very serious situation. 

The Association first got in touch 
ith the American Association of 
‘extile Chemists and Colorists and 
quested that this organization 
t up a committee to develop test 
iethods which would differentiate 
etween hazardous and relatively 


2 Since this paper was written an additional 
If million dollar suit has been instituted, bring- 
z the total pending litigation to two million 
lars. 
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nonhazardous materials... This com- 
mittee, within 18 months, devised 
a method of test which was turned 
over to the Trade Standards Unit 
of the National Bureau of Stand- 
ards with the request of the Na- 
tional Retail Dry Goods Association 
that it be made into a Commercial 
Standard. In the meantime, a 
law was enacted in the State of 
California which prohibited the 
sale of flammable materials. The 
law itself was not limited in scope 
to wearing apparel, but, fortu- 
nately, when the Fire Marshal, as 
empowered by the legislation, issued 
his Rules and Regulations, they 
applied only to wearing apparel. 
If this had not been the case there 
would have been many fabrics and 
articles which had been used for 
many years without causing trouble, 
affected by this law. 

Two bills were introduced in the 
Congress, one by Representative 


Leroy Johnson of California and . 


one by Representative Canfield of 
New Jersey. These bills were quite 
similar but took into consideration 
an unnecessarily large number of 
fabrics. Both of these bills used a 
test developed by the National 
Bureau of Standards to determine 
whether or not the fabric would be 
considered flammable. Neither of 
these bills was considered sound, so 
the National Retail. Dry Goods 
Association drafted a third bill re- 
stricted to wearing apparel and 
relying on the proposed Commercial 
Standard for the test method. This 
bill was introduced into the House 
of Representatives by Representa- 
tive Watt Arnold of Missouri and 
in the Senate by Senator Capehart 
of Indiana. 

Hearings were held on all three 
of these bills by the House Inter- 
state and Foreign Commerce Com- 
mittee, but no Senate hearings were 
held. 

At the House hearing there was 
a great deal of argument concerning 
test methods and whether or not a 
method was available that was suf- 
ficiently accurate to serve the pur- 
pose. 

In the meantime the Commercial 
Standard had not been approved by 
industry and a Standing Committee 
including all interested parties was 
set up by the National Bureau of 
Standards for the proposed Com- 
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mercial Standard. This Standing 
Committee later appointed a Tech- 
nical Committee to study the pro- 
posed Commercial Standard and to 
see if proper correlation could be 
obtained in a number of labora- 
tories on the same fabrics using the 
method as described in the Com- 
mercial Standard. Seven labora- 
tories were involved in these tests 
and the reports have just been 
received within the last few weeks. 
Analysis of these reports shows 
that in most types of fabrics fairly 
good correlation was obtained, but 
in one type there was a wide varia- 
tion in results. It is obvious that 
additional work must be done on 
this standard. We are unable to 
state, at the present time, whether 
the variations encountered are due 
to irregularities in fabric or whether 
there’ is some difference in the 
method used by- the various labo- 
ratories or whether there is 
some slight difference in the various 
machines used. As before stated, 
more work will be required to ‘de- 
termine just what is the difficulty. 

At this point I wish to call your 


’ attention to the fact that this zs 


the only test method which has been 
subjected to a series of tests in an at- 
tempt of correlation. A test de- 
veloped by the Bureau of Stand- 
ards has never been subjected to 
such study and we have no way of 
knowing whether correlation will be 
possible with this method. Until 
very recently only one machine of 
this type known as the horizontal 
tester, had been built. We under- 
stand now that there are five or six 
machines available which can be 
sent around to various laboratories 
for an attempted correlation. 

Let us review briefly the various 
phases of the flammability question 
as we find them today. 

1. National Legislation. Three 
bills were introduced last year, 
namely, the Canfield bill, the John- 
son bill, and the Capehart-Arnold 
bill, sponsored by the National 
Retail Dry Goods Association. We 
have heard that Representative 


Johnson has ammended his bill so 


that it applies only to wearing ap- 
parel, but still using the Bureau of 
Standards horizontal test method. 

2. State Legislation. A _ state 
law is in force in California. Penn- 
sylvania introduced a bill last year 
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which in so many words stated 
nothing could be sold in the state 
in the way of textiles which burned 
more rapidly than 5 in. in 6 sec., 
no reference being made to test 
methods or how the material should 
be burned. Obviously, such a bill’ 
would be unworkable and it died in 
committee. We have been told by 
California officials that 24 states 
have shown interest in flammability 
legislation. This does not mean that 
bills have been introduced or that 
there would be any official knowl- 
edge of such bills in the various 
legislative bodies, but indications 
are that certain representatives 
and senators of these states have 
inquired concerning the California 
law, apparently with a view of in- 
stituting similar types of legisla- 
tion in their own states. 

3. Test Methods. Commercial 
Standard TS-4350 has not been 
accepted. Recent tests made in 
seven laboratories show fairly good 
correlation on some types of ma- 
terials where other types show very 


poor correlation. In this series of 
tests 33 different fabrics were used, 
each laboratory analyzing a like 
portion of each fabric. Obviously, 
to have a successful test method 
we must be able to correlate in all 
types of fabrics, or else know the 
reason why. The Bureau of Stand- 
ards machine has not been sub- 
jected to correlation tests and it 
is not known whether it will be 
possible to obtain correlation with 
this type of equipment. Hence, 
we have, at the present time, no 
accepted or proved test method. 

4. In a study of conditions re- 
garding accident from flammable 
fabrics, we have noticed a marked 
decline in the number of accidents, 
due in all probability to greater 
awareness of the problem which 
has been brought about by the large 
amount of publicity given this sub- 
ject. 

With conditions as they are today, 
the retailer is desirous of obtaining 
a good, workable Commercial Stand- 


A Stress-Strain Tester for Textiles Employing a 
Magnetic Strain Gage* 


S the rate at 
which a physical test is performed 
-has such a significant effect on 
measured textile physical properties, 
it is generally recognized that rigor- 
ous testing practice requires precise 
knowledge and adequate control of 
the testing rate. In the usual case, 
this means either the rate of elonga- 
tion of the sample or the rate of 
application of load to the sample. 
The stress-strain tester described 
in the present paper is of the first 
type (that is, with controlled elonga- 
tion rate) and was built as a primary 
instrument for use in a fundamental 
study of stress-strain relationships 
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tention of the Surber, Address all communica- 
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* Presented at the March, 1947, meeting of 
Committee D-13 on Textile Materials, held in 
New York, N. Y. 

1 Technical Division, E. I. du Pont de Nemours 
& Co., Inc., Rayon Dept., Buffalo, N. Y. 
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By J. W. Ballou’ 


in yarns and filaments. In con- 
structing such a device, the design 
is simplified considerably if one of 
the jaws holding the sample can 
remain virtually stationary through- 
out the testing cycle. This is 
obviously not possible with the usual 
pendulum-type stress recorder, but 
the strain gage, either electric or 
magnetic, can be used readily to 
fulfill this requirement. Since the 
strain gage is capable of measuring 
very small deflections, it may be 
used in conjunction with a stress 
beam or weighbar to form a stress- 
measuring system; that is, the 
upper jaw of a testing machine 
may be attached to the stress beam 
whose very small deflections, corre- 
sponding to relatively large loads, 
are easily measured by the strain 
gage attached to it. A suitable 
calibration permits converting the 
measured beam strains into corre- 
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ard for the evaluation of flammable 
materials. He is willing that this 
standard be tried out on a volun-: 
tary basis to see whether or not it. 
will solve the existing problem. 
However, should it fail on a volun-. 
tary basis, the retailer would then. 
press strongly for Federal legisla-. 
tion. If, on the other hand, we: 
find ourselves faced with numerous : 
state laws on the subject of flam-- 
mable textiles, the retailer would be } 
forced to ask for National legisla-: 
tion and I am sure industry woule | 
agree with: this viewpoint, for it; 
would be very difficult, if not im- 
possible, to operate where various 
states each have their own require- 
ments. 

In the event of undesirable Fed- 
eral legislation being introduced, 
it would seem quite apparent that; 
both retailers and manufacturers 
would then join hands and be sure 
that if any legislation is passed, it 
is of a sound nature and based upon 
sound, proven test methods. 


sponding stresses or tensions in the 
sample. 

In the present application the 
magnetic strain gage was selected 
for use because it was commerciall 
available from the General Electric: 
Co., along With all the necessary 
additional equipment, and lent itsel 
readily to use with a linear record 
ing strip-chart potentiometer such 
as the Brown ‘“‘Electronik.” It has 
proved to be reliable and convenien: 
in operation, provided certain pre- 
cautions are taken and after ex 
perience in its use has been gained., 

Figure 1 shows an over-all pictur 
of the stress-strain tester. It ca 
be broken down into two main 
components: an elongating mech 
anism consisting of a lower jaw 
attached to two threaded rods, 
which are traversed up and down b 
means of a motor-driven worm gea 
and threaded-nut drive; and the 
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Fig. 2.— Working Strain Gage Mounting Showing Upper Jaw Hook. 


ress measuring and _ recording 


juipment consisting of an upper 
w (actually merely a hook) at- 
ched to the stress beam, the 
rain gage, a comparison strain 
we, a bridge circuit, amplifier, 
cillator, power supply (the last 
ur items contained in one unit), 
id a recording linear potentiom- 
er. The recorder strip chart 
eed is adjustable but constant, 
1d thus the chart displacement 
ay be taken as a measure of 
ongation as the sample is elongated 
; a constant rate. Since the pen 
splacement records stress, it is 
en that the recorder plots stress- 
rain curves. 


Tue Maanetic STRAIN GAGE 


In principle, the magnetic strain 
.we, as applied to the stress-strain 
ster, works as follows: At the 
treme free end of the stress beam 
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Fig. 3.—Working Gage and Stress Beam. 
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is a steel armature in close proximity 
to the core of a small coil. This is 
shown diagrammatically in Fig. 2, 
with the corresponding photograph 
in Fig. 8. The coil forms one leg 
of a balanced a-c. bridge circuit. 
When the armature is pulled away 
from the core of the coil slightly, as 
a result of stress on the beam, the 
electrical characteristics of the coil 
are changed and the bridge balance 
disturbed. The resulting unbalance 
signal is amplified, rectified, and 
recorded as a measure of stress. 
Several beams are necessary to 
cover a good range of loads. All 
are about 4 in. long, 2 in. wide, 
and of the following thicknesses 
in the vertical directions: 


TABLE I. 
Thickness, in. Maximum Load, g. 


The normal gap between the core 
and armature is about 0.003 in. 
and is adjustable by means of an 
eccentric screw.. Beams are inter- 
changed with little difficulty, one 
coil serving for all. 

A balancing or comparison strain 
gage forms one of the three remain- 
ing legs of the a-c. bridge. It is 
shown in Figs. 4 and 5. Referring 
to the diagram of Fig. 4, it is seen 
that the coil and armature are 
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Fig. 4.—Comparison Strain Gage. 


mounted on a beam which can be 
stressed by tightening a clamp at- 
tached to the center of the beam. 
This adjustment helps in the initial 
balancing of the bridge. Since the 
comparison gage is mounted near 
the working gage on the tester, 
drift and unsteadiness caused by 
local temperature variations are 
minimized. Both gages are housed 
in Lucite boxes to shield them from 
drafts. i 
The working gage and comparison 
gage together form the major items 
external to the “amplifier unit.” 
This latter houses the remaining legs 
of the a-c. bridge, the 5000-cps. 
oscillator for energizing the bridge, 
an attenuator, amplifier, rectifier, 
and power supply. This is shown 
in Fig. 6. Any unbalance in the 
bridge caused by stressing the 
working gage shows up as an a-ce 
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Fig. 6.—Schematic Drawing of General 
Electric Strain Gage Amplifier Unit. 
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Fig. 5.—Comparison Strain Gage and Portion of Tester. 


signal at the transformer. This is 
amplified and rectified and the 
resulting d-c. signal, which may 
be made proportional to the stress 
by proper selection of beams and 
amplifier, (attenuator) settings, ap- 
plied to the recorder. The adjust- 
ments “phase balance” and “ampli- 
tude balance” are used, in con- 
junction with the comparison gage, 
to balance the bridge initially for 
the condition of zero stress; that is, 
reduce the output to the recorder 
to a small value approaching zero. 

Figure 7 shows the external wiring 
connections schematically. The re- 
sistance network between the ampli- 
fier unit and the Brown: Recorder 
is necessary for matching purposes 
(to achieve linearity) and for sensi- 
tivity interpolation between  at- 
tenuator steps. The constant volt- 
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( Fig. 7.—External Connections Between Strain 
Gage Components. 


age transformer helps the over-all 
stability of the system. : a 

The amplifier unit and recorder 
are shown in Fig. 8. The former 
contains an extra amplifier channeb 
which is not used in this applica. 
tion. The Brown ‘Electronik” Re 
corder has a full-scale sensitivity of 
10 mv., and its strip chart has as 
useful scale of 11 in. Chart speeds 
of from 4 to 2 in. per minute im 
steps are available. A Genera 
Electric Photoelectric Recorder has 
also been used in place of the Brown 
instrument at times when its higher 
chart speed of 6 in. per minute was 
desirable. 


OTHER DETAILS OF THE STRESS 
STRAIN ‘TESTER 


The other major part of the testex 
is the sample elongating mechanism: 


Brown Str o-Cherl 
Pecorder 


60 «ye/e 


constant -vo/tage 
transformer 
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Fig. 8.—General Electric Amplifier Unit and Brown “‘Electronik” Recorder. 


hich is based on the use of a 
eneral Electric ‘Thy-mo-trol”’ 
ive. This is essentially a system 
d-c. motor speed control making 
e of a rectifier circuit having two 
yratron tubes for control of the 
otor armature current. In addi- 
mn to starting, reversing, stopping, 
id controlling motor speed, the 
ive system provides overload pro- 
ction, dynamic braking for stop- 
ng, etc. In the present applica- 
mn, a 230-v., 4-hp. shunt-wound 
otor is used with the “Thy-mo- 
ol” to drive the sample elongating 
vice. This latter can be seen by 
ference to Figs. 1 and 5. It con- 
sts of two vertical threaded shafts 
ined by horizontal crosspieces at 
th ends. This unit, that is, the 
afts and connecting crosspieces, 
traversed up and down by spiral 
ars with threaded holes through 
uich the shafts ride. The spiral 
ars are contained in the box at 
e top of the tester and are driven 
‘a worm drive from the motor, 
th a gear train interposed. Nor- 
ally the speed of elongation ranges 
m 0.13 to 6 in. per minute; 
wever, by gear changes this 
nge may be increased to 0.04 
18 in. per minute. 

The lower crosspiece contains a 
mple. clamp which comprises the 
wer jaw of the tester. However, 
auxiliary crosspiece is provided 
th another clamp which is ad- 
stable’ over the shaft length. 
lis crosspiece, in addition, has 
ovision for a 14-in. test tube with 
internal sample clamp, suitable 


nuary 1948 


rr 


for wet tests. This is shown in 
place in Fig. 1. 

Sample lengths (initial spacings 
between upper and lower jaws) 
may be anywhere from 1 to 50 in., 
thus providing elongation rates of 
from 0.08 to 1800 per cent per 
minute. Ordinarily 10 or 20-in. 
samples are used. 

For convenience of operation, 
various interconnections between 
the. motor controls and certain 
auxiliary apparatus are provided. 
Among the latter are limit switches 
to prevent over-run, to reverse 
automatically the mechanism at any 
elongation at the set speed, reverse 
it at its maximum speed for quick 
return to the initial sample length; 
and a timer for automatically stop- 
ping the drive for a fixed time 
interval before reversal. The ne- 
cessity for this last item is discussed 
in the last section. 

The control station for the ‘“Thy- 
mo-trol’”’ drive, as well as the timer 
and selector switches for selecting 
the type of limit switch control 
desired, can be seen in the center 
of Fig. 1. The indicator of a small 
generator-type tachometer is also 
shown. This is connected to the 
motor drive and is used in adjusting 
the elongation rate. The motor 
speed control is in the small box in 
the center of the picture. Two of 
the limit switches on one of the 
driven shafts are shown also. 


THE OPERATION OF THE TESTER 


To insure stable operation of the 
strain-gage system, the amplifier 


ASTM BULLETIN 


unit is left operating continuously 
when in daily use, since several 
hours’ warm-up has been found 
necessary before stable operation is 
attained. No warm-up time is re- 
quired for the recorder. 

The question of linearity of re- 
sponse is an important one in the 
use of this instrument, and to obtain 
a straight-line relation between re- 
corder deflection and applied load, 
a judicious selection of beam thick- 
ness and amplifier setting is re- 
quired. Experience has provided 
suitable combinations usable for 
any given sample, however. Too 
thick a beam does not provide suffi- 
cient sensitivity, whereas too thin 
a beam will drive the pen off the 
chart or result in nonlinearity. In 
general, it is advisable to use a 
heavier beam with high amplifica- 
tion than a thinner beam with low 
amplification, since nonlinearity oc- 
curs when the armature-core gap 
becomes too large. With the beams 
given in Table I, it is possible to 
make full-scale deflection of the 
recorder correspond to from 5 to 
10,000 g. This load range could be 
increased by using heavier stress 
beams. The required sensitivity 
(amplifier setting) for running a 
stress-strain curve for a given 
sample is determined experimen- 
tally; that is, after selection of a 
suitable beam, a load equal to the 
product of the approximate tenacity 
times twice the denier of the sample 
is put on the upper jaw and the 
amplification adjusted to give about 
three-quarters maximum recorder 
deflection. Twice the denier is 
used, since a loop of yarn is used 
around the upper jaw hook, pro- 
viding two strands between the 
upper and lower jaws. 

Frequent calibrations are made 
by hanging weights on the stress 
beam. If some nonlinearity shows 
up in the lower portion of the 
calibration, it is necessary to shift 
the initial zero stress position of the 
recorder pen to a slightly higher 
value by adjustment of the ampli- 
tude balance or the comparison 
strain gage beam. 


EXAMPLES OF DATA OBTAINED 
Figure 9 shows | stress-strain 


curves obtained on a commercial 
150-denier textile viscose yarn. 
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Fig. 9.—Stress-Strain Curves of Textile Viscose Yarn. 


Since the chart moves to the right, 
the strain axis goes from right to 
left. An elongation rate of 10 
per cent per minute and a chart 
speed of 2 in. per minute were used. 
Thus 1 in. of chart travel corres- 
ponds to 5 per cent elongation and 
is so marked. The calibration is 
also shown. By plotting the cali- 
bration curve and picking off the 
breaking load, the tenacity in 
grams per denier may be obtained, 
since the effective denier is 150 * 2 
(as the result of using a loop). A 
modulus of elasticity may also be 
obtained from the slope of - the 
initial straight-line portion of the 
curve. 
A series of work recovery deter- 
minations at different maximum 
extensions on the same material 
is shown in Fig. 10. The work re- 
covery test is made as follows: 
Using an elongation rate of 1 per 
cent per minute, the sample is elon- 
gated to the approximate required 


extension, the elongating mechanism 


automatically stopped for 30 sec. 
and then reversed, and the return 
curve to zero stress obtained. The 
ratio of the area under the descend- 
ing curve to the area under the 
ascending curve expressed in per 
cent is the work recovery, since this 


‘is the ratio of the work returned by 


the sample to the work put into the 
sample. In Fig. 10, remembering 
that the chart moves to the right, 
the work put into the sample is the 
area under the right-hand or ascend- 
ing curve, and the work returned by 
the sample is the area under the left- 
hand or descending curve in each of 
the three cases shown. To deter- 
mine the exact elongation, the initial 
straight portion of the ascending 
curve is extrapolated to zero stress 
to provide a starting point for 
measuring elongation. This takes 
care of the slight initial curvature 
introduced by crimp. The maxi- 
mum elongations shown in Fig. 10 


30-sec. 


respectively. The 
period at the middle of the cycle 
during which some stress decay 
occurs, was introduced to conform 
to the procedure normally used ir 
this laboratory with other equip: 


ment, although obviously othe 
conventions may be used. ; 
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_ Measurement and Elimination of Inertia Effects in Textile 
Testing Equipment by Means of Electric Strain Gages 


beet inertia forces 
aay be exerted on specimens when 
hey are tested for strength with 
urrent tension testing machines of 
ither the pendulum or inclined 
lane type. These inertia forces 
rise from sudden changes in the 
elocity (acceleration) of the mass 
f the weighing systems. They are 
articularly pronounced at the be- 
inning of a test, in repeated 
oading and unloading tests, in 
ear-resistance tests, in testing speci- 
nens of low extension, and in tests 
n which a sudden change in ex- 
ension takes place. 

Equations relating load to time, 
ased upon simple theoretical con- 
iderations, show that the applied 
oad is a periodie function for both 
endulum and inclined plane testers. 
ixperiments made on different ma- 
erials confirmed the theoretical 
onclusions. In these experiments a 
esistance strain gage dynamometer 
yas mounted in series with the test 
pecimen. 

This dynamometer, which con- 
ists of a shaft with a reduced 
ection, is shown at A in Fig. 1, 
fhere it is attached to the upper 
lamp of a pendulum tension testing 
aachine. Two resistance strain 
ages were attached to opposite 
ides of the reduced section to com- 
ensate for any bending of the 
haft during a test and a similar 
nit was placed near the one in the 
1achine to compensate for small 
hanges in the ambient tempera- 
ure of the constant temperature 
nd humidity room. The electrical 
utput which is a measure of the 
nsile load applied to the speci- 
1en, was amplified and recorded 
gainst time with a recording oscillo- 
raph. 
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1 Presented at the March, 1947, meeting of 
ommittee D-13 on Textile Materials, held in 
ew York, N. Y. 
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Fig. 1.—Pendulum Tester with Resistance Strain Gage Dynamometer Inserted Between 
Upper Clamp and Pendulum. 


A typical oscillograph record of a 
strip tension test of a fabric is shown 
in Fig. 2. The applied load fluc- 
tuated greatly, owing to inertia 
forces, and the rate of loading varied 
enormously during the test. The 
variations in the inertia force and 
in the rate of loading with time are 
shown in Fig. 3. The periodicity 
was quite constant between 1 and 
6 sec. It changed at about 6.2 
sec., which is the time at which 
rupture started. During the region 
of actual rupture of the specimen, 
the velocity of the pendulum 
changed and inertia forces resulted 
as shown in Fig. 3. The applied 
loads in these experiments, as 
measured with the resistance strain 
gage dynamometer, differed con- 
siderably from the load indicated 
by the pendulum tester. At rup- 
ture, this difference depended upon 
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the phase of the periodic inertia 
force and also upon the overthrow 
of the pendulum. The latter arises’ 
from the kinetic energy which the 
pendulum possesses at the instant 
of rupture. 

A typical record of a tongue tear 
resistance test of a fabric specimen, 
which was obtained with a pendu- 
lum. tester, is shown in Fig. 4. In 
this test the pawls of the pendulum 
were rendered inoperative during 
the test so that the pendulum was 
free to oscillate. When a tear en- 
sued, for example at a load indicated. 
by A, in Fig. 4, the pendulum swung: 
back to some lower load, By. During: 
this swinging back from load Ag 
to B, the distance between the two- 
clamps increased and the specimen: 
tore across a number of threads. 
The load at these tears was not: 
recorded. At load By, the motion of 
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Fig. 2.—Oscillograph Record of a Strip Lopes Test of a Fabric Made with a Pendulum 
ester. 


the pendulum was arrested and re- 
versed and the recorded load in- 
creased from B, to As, where another 
tear resulted. The time required 
for the pendulum to swing from 
A, to By was small compared to that 
from B, to As. The curve from 
B, to A; is distinctly wavy. 

The oscillograph record which 
was made simultaneously with the 
record of Fig. 4 is shown in Fig. 5, 
and the corresponding points are 
shown by the same letters. The 
portion of the curve from B, to As 
shows that the actual load fluctuated 
’ enormously, owing to inertia forces 
caused by reversing the motion of 
the pendulum at B,. This portion 
of the curve, as well as the portions 
Bs; to Ag and Bs to Az, could be rep- 
resented very well by the equation 


T = 1800 + 600¢ + 1000e-1.°% cos 4.25zt 


where T is applied load in grams and 
¢ is time in seconds. The portions 
of the curve designated by A3Bs, 
A,B, AsB;, AcBs, and A,B, where 
the specimen was actually being 
torn, clearly show that in each of 
these tears the tear was across a 
number of threads. The motion of 
the film in the recorder was too 
small, however, to resolve definitely 
the tearing loads of the individual 
threads. These individual tearing 
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loads of a specimen from the same 
fabric were resolved in the oscillo- 
graph record shown in Fig. 6. In 
this test the pendulum was rendered 
inoperative by locking it at its 
zero position. This system was free 
of inertia forces, since the pendulum 
could not move, and the effect is 
indicated by the striking difference 
between the two records shown in 
Figs. 5 and 6. 


E Al 
Si Regn il be Ome alae | \] 
a V | VV V 
Set alate | 
-100 
s 10 . 
g 6 | | 
: tH yin Pare 
“108 | : L ! | 
Time,sec. 


Fig. 3.—Curves Showing Variations in Inertia Force and in Rate of Loading During the 
Strip Tension Test of a Fabric. 
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Tension testing machines are 
being developed commercially by a 
number of concerns in which re- 
sistance or magnetic strain gages 
are incorporated to measure load.. 
In some of these developments, the 
output of the strain gages is suitably 
amplified and recorded directly as a 
measure of the applied load. In 
others, the gages form one arm of a 
balanced Wheatstone bridge and| 
the adjustment required, in this! 
arm or in a second arm of the} 
bridge, to maintain a balance is 
employed as a measure of the 
applied load. The former is pref- 
erable for making dynamic tests 
because high-frequency variations 
in load are followed faithfully. The 
latter is preferable for making 
strength tests according to current; 
textile standards because greater: 
stability is obtained. 

The new tension testing machine 
being constructed for the Textiles; 
Section of the National Bureau of ’ 
Standards includes the following 
features: 

1. Six capacities of 10, 20, 100,, 
200, 1000, and 2000 Ib. are pro- 
vided. A change in capacity to 
one higher or lower can be effected 
during a test by simply pressing a| 
button on the control panel. The 
change is completed by .a small 
motor in a few seconds. Thus the 
initial part of a test can be made and 
the results recorded with a low ca- 
pacity and very high sensitivity. 
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ie test can then be completed to 
pture with a less sensitive and 
xher capacity as required. The 
id is measured and_ recorded 
cetronically through a self-balanc- 
s inductance bridge. The applied 
id changes the inductance of an 
ductor, which is attached to the 
ighing beam. This inductor, 
uich forms one arm of the bridge, 
automatically adjusted to main- 
m a constant inductance. The 
justment required to maintain a 
lance is related to the applied 


id and is indicated directly on a 


ul or is recorded on a chart. The 
iximum deflection of the clamp 
ached to the weighing system is 
gs than 0.002 in. for each ca- 
city. 

2. An internal extensometer is 
yvided to record total extensions 
the range from 0.5 to 10 in. with 
enifications of 20, 10, 5, 2, and 1. 


change in magnification can be 


complished by pressing the ap- 
ypriate button on the control 
ael. The operation of this ex- 
someter and the recording 
ough a self-balancing resistance 
dge is fully automatic through 
etronic controls. The movement 
the clamp which is fastened to 
weighing system, being less than 
02 in., is negligible. The ex- 
sion is therefore given by the 
tion of the other clamp. It moves 
- contact of a helical potenti- 
eter that forms one arm of the 
istance bridge. Any unbalanced 
rent is amplified and operates 
aotor that adjusts the resistance 
a second arm of the bridge to 
intain the balance. The adjust- 
nt required to maintain the bal- 
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DISTANCE BETWEEN GLAMPS, IN. 
- 4.—Record of a Tongue Tear Resistance Test of a Fabric Obtained with a Pendulum 


Tester. 


ance is related to the extension and 
is recorded directly with the desired 
magnification. 

3. An external extensometer is 
provided to record the extensions 
in the range from 0.05 to 0.20 in. 
with magnifications of 200, 100, and 
50. The operation of this exten- 
someter and the recording through a 
self-balancing resistance-inductance 
bridge is also fully automatic 
through electronic controls. The 
extension with this extensometer is 
measured on gage lengths which 


can be adjusted to any value from 


0.5 to 3 in. The extension in the 
selected gage length varies the 
inductance of an inductor that 
forms one arm of a resistance- 
inductance bridge. Any unbalanced 
current is amplified and operates 
a motor. It adjusts the inductance 
of a similar inductor that forms the 
second arm of the bridge to main- 
tain the balance. The adjustment 
required to maintain a balance is 
related to the extension and is re- 
corded directly with the desired 
magnification. 

4. The machine can be operated 
at any constant rate of strain in the 
range of 0.05 to 20 in. per minute. 
Specimens of any length up to about 
20 in. can be tested in tension or in 
compression. 

5. An electronic circuit is also 
provided, controlled by the inductor 
attached to the weighing system, 
so that the machine can be operated 
at a variable rate of strain, within 
the speed limits of the “Thy-mo- 
trol’ control motor, such that the 
rate of loading is any preassigned 
constant irrespective of the load- 
elongation characteristics of the 
specimen being tested. 
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Fig. 5.—Oscillograph Record of the Tongue Tear Resistance Test of a Fabric Made with 
a Pendulum Tester. 


Fig. 6.—Oscillograph Record of a Tongue Tear Resistance Test of a Fabric in Which the 
Pendulum Was Rendered Inoperative by Locking It at Its Zero Position. 
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Fungus Resistance of Treated Vegetable Fiber Gaskets i 


By Sigmund Berk’ 


SYNOPSIS 


The effectiveness against mold growth of vegetable fiber gaskets treated 
with six fungicides has been determined. For fungus proofing paper and 
vegetable fiber gaskets, 2 and 4 per cent copper pentachlorophenate, 3 per 
cent salicylanilide plus 10 per cent paraffin wax, and 0.4 per cent sodium 
pentachlorophenate gave complete protection against three : species of 
fungi. However, the gasket material treated with 0.4 per cent sodium 
pentachlorophenate incorporated in the binder became saturated with 
moisture when incubated under conditions of high humidity. Zinc di- 
methyldithiocarbamate in concentrations of 2, 5, and 10 per cent gave par- 


tial to almost complete protection. 


With a vegetable fiber gasket material 


H, salicylanilide and dihydroxydichlorodiphenyl methane gave incomplete 


protection. 


No increased fungus resistance was imparted to the paper 


gaskets by incorporating salicylanilide, dihydroxydichlorodiphenyl methane, 
and sodium pentachlorophenate in the paper alone, in the impregnant alone, 


or in both the impregnant and the paper. 


In a cycled tropical humidity 


chamber, the gaskets treated with salicylanilide, dihydroxydichlorodiphenyl 
methane, and sodium pentachlorophenate were resistant to mold attack. 


Chess vege- 
table fiber gaskets are subject to 
attack by fungi when exposed in 
tropical areas or stored in temperate 
regions under favorable conditions 
of temperature and humidity. 
Paper composition gasket materials 
vary in their susceptibility to mold 
attack depending on the nature of 
the constituents. In the fabrication 
of paper gaskets, the cellulose fibers 
are fused and bonded with animal 
glues. Pure cellulose is only slightly 
attacked by fungi, but the mineral 
impurities normally present in the 
paper and the addition of starch siz- 
ing and protein binding agents serve 
as excellent sources of nutrition for 
mold growth. However, this source 
of food for fungi may be poisoned by 
the addition of fungicides to the 
animal glues used in the manufac- 
ture of paper gaskets. Kimberly 
and Scribner (7)? recommended the 
addition of beta-naphthol to the 
glue and starch in paper to prevent 
mold growth. Carswell and Nason 
(4) described the use of pentachloro- 
phenol and its salts for the industrial 
preservation of paper and _ fiber- 
board. Nason et al. (8) reported the 
mildew-proofing of paper by the 
NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the atten- 
tion of the author. Address all communications 
to A.S.T.M. Headquarters, 1916 Race St., Phila- 
delphia 3, Pa. 

1 Chemist, Frankford Arsenal, Philadelphia, Pa. 


2 The boldface numbers in parentheses refer to 
the references appended to this paper. 
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incorporation. of sodium -penta- 
chlorophenate in the stock. Del- 
monte (6) cites the extensive work 
done by the Forest Products Labo- 
ratory on the mold resistance of 
protein glues treated with beta- 
naphthol, creosote, o-phenylphenol, 
and the chlorinated phenols and 
their sodium salts. The literature, 
however, does not disclose any 
studies on the mold resistance of 


paper treated with some of the 


newer fungicides which were widely 
used for tropicalizing equipment 
during the recent war. 

In view of the serious degrada- 
tion of cork, felt, and paper gaskets 
in tropical military theaters, the 
Society of Automotive Engineers 
sponsored a study committee, com- 
posed of representatives of various 
military services and manufacturers 
of automotive, gasket, and fungi- 
cidal materials, designed to prevent 
the deterioration of gaskets by 
fungi. Frankford Arsenal was au- 
thorized to conduct mold resistance 
tests on samples submitted by co- 
operating organizations. The re- 
sults on the fungus resistance of 
treated bonded cork and felt gaskets 
have been reported elsewhere (1, 2). 
This report is concerned primarily 
with the effectiveness of six fungi- 


cides in preventing mildew growth 


on a number of types of vegetable 
fiber gasket materials. 
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the cellulose fibers. 


‘from the metal top of 1-qt. fru 


Sf 


~ 


Mernop or TREATING GASKETS 


Samples Nos. 84 to 106 (Table I 
inclusive, were treated with fungs 
cides by immersing the gasket strip 
for a few minutes in a bath contairc 
ing the fungicides suspended or dis 
solved in water, ethanol, isop: 
panol, or Stoddard solvent. 
treated gaskets were air dried ¢ 
room temperature prior to exposuz 
to the mold tests. Information «ad 
the percentage fungicide pickup b4 
the various gasket materials is ne 
available. However, results on th 
wet pickup obtained by immersing 
bonded cork strips in fungicidd 
solutions show (3) that the add-og 
varied from 17 to 38 per, cent d 
pending on the type of fungicide 
solvent, or diluent used. In sample 
Nos. 119 to 136, inclusive (Table If 
the fungicide was incorporated d: 
rectly in the paper, in the impreg 
nant, or in the binder used to fus 


PRocEDURE USED IN TESTING” 
Funcus RESISTANCE 


Samples of untreated and treate 
vegetable fiber gasket materia! 
were cut into strips approximatei! 
1 by 3 in. Three methods of 1 
cubation were used. In test A, t 
paper gasket strip was suspende 
jars containing } in. of water (1. 
Prior to inoculation, the gaske 
strip was wetted by immersing fi 
distilled water. Inoculation we 
effected by dusting the lower portio: 
of each strip with spores from ony 
of the three test organisms use 
(Aspergillus niger, TC #215-4247 
Chaetomium globosum, U.S.D. 
#1042.4; and a species of Pensezi 
lium, U.S.D.A. #1336.2). The im 
oculum was obtained by gent! 
stroking with a camel’s hair brus' 
the sporulating surface of a pur 
culture of the fungus growing ©; 
mineral salts dextrose agar in Pety 
dishes. By screwing the metal to 
on the jar and storing at a temperat 
ture of 85 F. (29.4 C.), each co 
tainer became an incubation cham 
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| pple Type of Vegetable 


Fungicide in 


Fungicide or Chemical = 
Fiber Gasket Protectant Treating Bath, | Teste ; 
: per cent Aspergillus 
niger 
84...| Sheet Packing Untreated A ie 
B 
85...| Sheet Packing Phenyl mercuric oleate 0.25 A et ak 
B 
, 86...| Sheet Packing Zinc dimethyldithiocarbamate 2.0 A “3 
B = 
}, 87...| Sheet Packing Copper pentachlorophenate 4.0 A — 
B = 
92...) Kraft Untreated A eee te 
B 
, 93...| Kraft Zine dimethyldithiocarbamate 10 A a canis 
. B 
1. 94...) Kraft Zinc dimethyldithiocarbamate 2.0 A + # 
| B 
{. 95...| Kraft Zine dimethyldithiocarbamate 5.0 A as 
| B oe 
{. 96...) Kraft Zine dimethyldithiocarbamate 10.0 A StS 
B 
{.100...| Kraft Paper Copper pentachlorophenate 4.0 A 2 
B es 
. 101...) Kraft Paper Salicylanilide plus paraffin 3.0 A = 
wax 10.0 B —_ 
. 102...) Kraft Paper Untreated ere A + 
E B Sets 
. 103...| Manila Tag Paper | Untreated A a 
P : 2 A area B Sette ate 
. 104...| Manila Tag Paper | Zinc dimethyldithiocarbamate 1.0 A aL 
; B ate 
.105...| Manila Tag Paper | Zinc dimethyldithiocarbamate 20 A * 
: B 
. 106...| Manila Tag Paper | Copper pentachlorophenate 4.0 A eo 
- 118..: V Untreated a ites Jose 
B 
mrt9). .. V Sodium pentachlorophenate 0.4¢ A get ++ 
B em, 
2? oc H Salicylanilide to paper 4.0 A ae 
B 
eo... H Salicylanilide to paper 2.0 A os ae 
: B 
124 Salicylanilide to paper 1.0 A £ oe 
: ess H Salicylanilide to impregnant 1.0 B t+ 
125 Salicylanilide to paper 2.0 A + 
3 FoG H Salicylanilide to impregnant 1.0 B +++ 
mr26... H Salicylanilide to impregnant 4.0 A + 
j : sine B aE SP Ser 
b Ley ee H Dihydroxydichlorodiphenyl 2.0 A + 
methane to paper , B dha ab ule 
e128... H Dihydroxydichlorodiphenyl 4.0 A + 
methane to paper B ciertate 
mel29.. .. H Dihydroxydichlorodiphenyl 4.0 A + 
methane to impregnant B emia teaits 
DED tae cn eupaenya 1.0 A + 
. methane to paper B 
>. 130... H Dihydroxydichlorodiphenyl 1.0 Bes 
i methane to impregnant 
| Dihydroxydichlorodiphenyl 
5.131 H methane to paper 2-0 
ia ag Dihydroxydichlorodiphenyl 2.0 A + 
methane to impregnant B aoe 
b, 132... H Sodium pentachlorophenate 0.75 A 25 
; to paper B SHB BIA 815 
b, 133... H Sodium  pentachlorophenate 1. A + 
to paper B ++ 
b. 134... H Sodium pentachlorophenate 3.0 A + 
to impregnant B Lisweee 
: (Sodium pentachlorophenate 0.75 A + 
to paper B aR 
0. 135... H Sodium pentachlorophenate 0.75 sayy 
to impregnant 
Sodium pentachlorophenate ED} A + 
to paper B ++ 
o. 136... H Sodium pentachlorophenate 1.5 


to impregnant 


Test Organisms’ 


ee NN EN a a lee aN aa Ce oat NCS Ei ue we Oe 2 fel oh Da oh ty Weed Bl Oe eB dea 0; top Sid Bam NS BB 


Cycled Tropical 
Humidity Chamber® 


Chaetomium | Penicillium Exposure, Exent of 
globosum Sp. weeks Growth 
ee aay 
AP SPE ae see are N.T. 

Sects ae 4 SP SESE 
= aay ae Ne Te 
Ge oe 12 Glaatsts 
Gap ae ar SESE sear 
punciecta ste oe N.T. 
a3 Flaca 4 SSP ar 
— i 4 SOapae as 
N.T. — N.T 

=- aig 
= =e 26 aE: 
Se = 26 aia ar 
Bicats = 
Bieta ah N.T 
aap aR SSP Se ae 26 a 
eel ele ae N.T 
a oie Seateel= 26 Fe 
SP aR ARS Spee ar 
cic iateeteeta Sear arse N.T 
AP Ble 
stecteiste chon 26 = 
State oe 26 = 
Seat peor 26 = 
Staats +++ 26 = 

Se 
apaesr ape 26 = 
aPaese ect ete ste 26 + 
Sp apa ae Sea at 26 = 
thse eae cecia 26. == 
RRS ete tones 

+ 
atte pe 26 = 
Sa I een 26 a 
Sate Spe 26 a 
ap ae 
eet Seteets 26 = 
Sect Stretaate 26 ee 
++ ++ 26 — 


@ Test A—Inoculated samples incubated over water in Mason jars at a temperature of 85 F. Test B—Inoculated samples incubated in Petri dishes on solidified 
ineral salts dextrose agar at a temperature of 85 F. and above 80 per cent relative humidity. 


% Code for Fungus Growth: 
No Growth 


+ = Slight Growth 
++ = Moderate Growth Over Part of Sample 
+++ = Moderate Growth Over Entire Sample 
+t+4+44+ = Heavy Growth Over Entire Sample 
N.T. = Not Tested - 


é Fungicide incorporated in protein binder. 


er maintained at saturated mois- 
ire conditions. Although condi- 
ons of 100 per cent relative humid- 
y are quite prevalent under tropi- 
41 exposures, this test is somewhat 
lore severe, since the jars approxi- 
ate an environment of stagnant 
ir saturated with moisture. This 
st has previously been reported 
i, 3) as an accelerated test for cork 
askets. 

In test B, the vegetable fiber 
asket strip was placed on 20 ml. of 
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sterilized and solidified mineral salts 
dextrose agar (NHiNOs, 3.0 g.; 
K,HPO,, 4.2 g.; MgSO.-7H20O, 4.2 
g.; dextrose, 5.0 g.; agar 15.0 g.; 
distilled water, 1000 ml.) contained 
in Petri plates. The sample was 
inoculated as in test A and incu- 
bated in a constant temperature 
room at 85 F. and a relative humid- 
ity above 80 per cent. This test 
shows the effectiveness of the fungi- 
cide treatments when the paper 
gaskets are incubated on a sub- 
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stratum that is an excellent source 
of food for mold growth. 

Two to five.replicates were used 
for each organism in both tests. 
After a 2-week incubation period, 
the vegetable fiber gaskets were 
examined and rated for extent of 
fungus attack. 

The vegetable fiber gaskets were 
also exposed in a cycled tropical 
humidity chamber. The treated 
paper gaskets in duplicate were sus- 
pended by means of corrosion- 
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resistant wire from glass rods sup- 
ported on shelves at the sides of the 
tropical room (Fig. 2). The atmos- 
phere of this room was conditioned 
so as to simulate tropical conditions 
(3, 5) using the following cycle: For 
16 hr. each day the temperature was 
held at 76 F. and the relative 
humidity at 95 to 98 per cent. Dur- 
ing the remaining 8 hr., the tempera- 
ture was raised to 85 F. and the 
relative humidity kept at 80 per 
cent. The paper gaskets were not 
inoculated since the normal fungus 
flora of the room was used as a 
source of inoculum. 


SUMMARY OF RESULTS 


Table I shows the resistance to 
fungus growth of vegetable fiber 
gaskets treated with a number of 
fungicides. Complete protection 
to the gaskets against the three 
species of fungi in tests A and B was 
provided by the following fungi- 
cides: 2 and 4 per cent copper 
pentachlorophenate, 3 per cent sali- 
cylanilide plus 10 per cent paraffin 
wax, and 0.4 per cent sodium penta- 
chlorophenate. Figure 1 illustrates 
the excellent protection provided by 
0.4 per cent sodium pentachloro- 
phenate incorporated in the binder 
in a vegetable fiber gasket material 
(sample No. 119), while the un- 
treated controls were completely 
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covered with a dense fungus growth. 
This gasketing material, however, 
has one disadvantage in that it be- 
comes saturated with moisture when 
stored under conditions of high 


humidity. The great affinity for 
moisture is probably due to the 
nature of the protein binder used in 
the paper fiber gasket. Partial or 
almost complete protection was 


Fig. 2.—Mold Growth on Strips of Gasketing Material Suspended from Glass Rods on at 
Shelf in the Tropical Chamber. 
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‘ given to the gaskets by 2, 5, and 1 


. 


Fig. 1.—Mol! 
Growth on Un 
treated Vegetabl 
Fiber Gaskets In 
cubated on Minerz 
Salts Dextrose Aga’ 
in Petri Plates 
(Sample No. 11a 
Top Row), and Ar 
sence of Growth ox 
Gaskets Treate; 
with 0.4 per cer 
Sodium Pentachla 
rophenate (Samp 
No. 119, Botton 

Row). 


Treated specimens i. 
bottom row show ex 
tensive leaching of ti! 
fungicide into the agay 
medium (test B) anr 
wide zones of inhibi 
tion of fungus growth 


per cent zinc dimethyldithiocarbam 
ate. There was very slight to n 
difference in the amount of protec 
tion obtained by varying the con: 
centration from 2 to 10 per cent 
The optimum concentration on kraf 
paper appears to be 5 per cent © 
zinc dimethyldithiocarbamate. — 
The absence or slight mold growth 
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shown by some of the untreated 
‘samples may be attributed to the 
presence of chemical preservatives 
which are added to the paper during 
_the manufacturing process. 
_ With vegetable fiber gasket ma- 
terial H (samples Nos. 122 to 136, 
| inclusive, Table I), three fungi- 
-eides—salieylanilide, dihydroxydi- 
chlorodiphenyl methane, and so- 
| dium pentachlorophenate—were i in- 
corporated in the paper alone, in the 
impregnant alone, and in both the 
‘Impregnant and paper. None of 
these fungicide treatments offered 
complete mildew resistance against 
all three test organisms. There was 
: no outstanding difference in the 
amount of fungus protection offered 
by the three methods of incorporat- 
ing the fungicides. The most effec- 
tive protectant for this material was 
1.5 per cent sodium pentachloro- 
phenate applied to both the paper 
and the impregnant. In all cases, 
incubating the inoculated treated 
paper gaskets H in fruit jars over 
water produced slight to no fungus 
growth. Incubating the samples on 
solidified mineral salts dextrose agar 
showed moderate to heavy growth. 
On the basis of test B, both sali- 
cylanilide and dihydroxydichloro- 
diphenyl methane are ineffective 
fungicides for this material. 

Table I shows the results of the 
amount of mold growth on the vege- 
table fiber gaskets after 4 to 26 
weeks of exposure in the cycled 


tropical room. There is a close 
correlation in the amount of mold 
growth shown by the samples incu- 
bated in the Mason jars (test A) and 
those exposed in the tropical room. 
However, the sheet packing material 
treated with phenyl mercuric oleate 
and copper pentachlorophenate and 
the kraft treated with 1 and 2 per 
cent zine dimethyldithiocarbamate 
and copper pentachlorophenate had 
increased susceptibility to mold 
growth in the tropical room. The 
increased susceptibility to fungus 
growth of some fungicidally treated 
materials when exposed in the tropi- 
cal chamber may be attributed to 
the loss of the fungicide due to: (a) 
volatilization, since the air in the 
room is constantly circulated while 
in the Mason jars exposure the air is 
stagnant; (b) aqueous leaching of 
the fungicide from the treated ma- 
terial following the periodic con- 
densations of moisture on the ma-~ 
terial during the change in the 
temperature and relative humidity 
cycle. The most effective fungi- 
cides in the tropical room were: 
salicylanilide, dihydroxydichlorodi- 
phenyl methane, and sodium penta- 
chlorophenate. 

On the basis of the three types of 
exposure, complete protection to 
vegetable fiber gaskets was provided 
by 3 per cent salicylanilide plus 
paraffin wax, 0.4 per cent sodium 
pentachlorophenate, and 4 per cent 
copper pentachlorophenate. 
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Discussion of Paper on Measurement of Metal Polish Performance’ 


Mr. V. M. Manrz.2—Over the 
years we have made a considerable 
amount of Navy polish, and I think 
we are in a position to judge the 
merits of this very well written 
article. In our opinion it covers the 
subject. very thoroughly and _pre- 
sents a good practical specification. 

There are a few points I should 
like to discuss. The hardness of the 
brass or the type of brass used in 
making the disk should be carefully 
‘specified, as there is a possibility of 
wide variation in the abrasion num- 
ber, if this is not done. Another 
point in question is the type of bil- 
liard. cloth used. Perhaps some 

“i Frank E. Clarke and Robert C. Adams, 
“Measurement of Metal Polish Performance,” 
A.S.T.M. Butuertin, No. 147, August, 1947, p. 57. 


2 Director of Research, R. M. Hollingshead 
Corp., Camden, N 
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specification on the cloth should be 
included. 

We have noted that the rubber 
headpiece wears, rather unevenly 
and should be replaced whenever 
any uneven condition develops. We 
have noted that even though the 
rubber piece we use is rather soft, it 
becomes uneven and tends to give 
erratic results. On the Caking 
Number Test, in which the material 
is centrifuged, a gentle inversion is 
stipulated. Some inspectors may 
give it a rather hard shake on turn- 
ing over and then, others may turn 
it over very carefully, which would 
make some difference in the number 
of inversions necessary to disperse 
the solid material, and consequently 
a difference in the Caking Number. 
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It was also brought up by: our- cons 
trol man that there should be a bet- 
ter application of the polish sample 
to the specimen, but I personally 
think that this point is well covered 
in the article and that there is suffix 
cient polish used to allow for any 
losses in the polishing operation. 

Our metal polish has fully passed 
all previous specifications. The 
present article presents the best. 
parts of all previous specifications 
and is a combination of all the 
specifications. We should like to 
congratulate Messrs. Clarke and 
Adams on the article, 

Messrs. ADRIEN 8S. DuBors’ AnD 
J. G. Stinsoemer.’—The presenta- 


3 Chief Chemist and Chemist, respectively, 
Fuld Bros., Inc., Baltimore, Md. 
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tion of the paper by Clarke and 
Adams coincided with research work 
being carried out in our laboratories. 
The timeliness and inherent useful- 
ness of the authors’ approach to the 
problem prompted us to present a 
few comments based upon our work 
with the methods described in this 
paper as well as in Navy specifica- 
tion 51P5f. 

All our tests were obtained on four 
different polishes, two of which are 
commercial products, while the 
others were in the development 
stage. 


Stability Test: 


With the four polishes tested, 
centrifugation at 320 rpm. did not 
lead to any appreciable change in 
the products. In view of this, the 
speed was increased gradually up to 
1280 rpm. Optimum results were 
obtained at 960 rpm. At this speed 
the four polishes could be differ- 
entiated, while this was not possible 
at higher or lower speeds. The re- 
sults are summarized in the accom- 


_ panying Table I. 
TABLE I. 
Speed of Centrifugation, 
Polish rpm. 

320 640 960 | 1280 
A (separated)...... N ss S) P 
A (not separated). . N ss Ss R 
2 Delay tacoht eaeels RO N Ss ss P 
\G bon 5 OSE EERO EMS N ss 12g 
D N 12 P 


N = no settling; SS = slight settling; S = 
definite settling; P = abrasive packed at bottom. 


” Difficulties were encountered in 
the determination of the caking 
numbers. Apparently the behavior 
of the polish in this test is greatly in- 
fluenced by its viscosity, and pol- 
ishes having a high viscosity could 
not be evaluated by this procedure. 
In such cases, probing with a rod, 
although only qualitative, was more 
feasible. 

It happened that several lots of 
an experimental polish had been 
standing on the shelves for up to six 
months. A number of these had 
separated into a clear, aqueous layer 
and a sediment consisting of abra- 
sive. These lots, after shaking to 
make them homogeneous, were in- 
vestigated by the same procedure, 
but no difference could be detected 
between these and the samples 
which had not separated on stand- 
ing. Obviously, this test does not 
allow for determining stability 
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against this type of separation. 
The commercial importance of this 
feature points to the need for a more 
comprehensive test. 


Abrasion Test: 


This test has given very satisfac- 
tory results. It seems, however, 
that an increase in the number of 
revolutions and drying of the disk to 
constant weight would reduce errors 
in weighing to a minimum and thus 
ensure more closely reproducible re- 
sults. 

Frank E. Cuarke (author’s clo- 
sure by letter) —The authors wish 
to thank Messrs. Mantz, DuBois, 
and Sinsheimer for their construc- 
tive comments and suggestions re- 
garding this paper. 

The observations concerning the 
desirability of standardizing test 
specimens are in order. The com- 
position and hardness of the metal 
specimens are importarit despite the 
fact that the related Navy specifica- 
tions for polish contain practically 
no limits for these characteristics. 
In this investigation of metal polish 
performance, the polish test panels 
were made of 70-80, cold-rolled, yel- 
low spring brass with a Rockwell B 
hardness of 90.5 to 91.5 while the 
abrasion disk was Muntz metal 
(60-40) with a Rockwell B hardness 
of 65. Cold-rolled, sterling silver 
with a Rockwell B hardness of 35-45 
was used for both the polish test 
specimens and the abrasion disk in 
the evaluation of liquid silver polish. 
An investigation of the practica- 
bility of spring brass for all speci- 
mens used in testing brass polish is 
now under way. The specification 
of cold-rolled, sterling silver speci- 
mens is considered adequate insur- 
ance of uniformity of results in test- 
ing liquid silver polish. We have 
observed no variations in abrasive- 
number determinations attributable 
to variations among batches of 
billiard cloth obtained under the ap- 
plicable specification. 

The rubber head of the polishing 


‘ machine described in this paper 


shows no evidence of wear of the 
type mentioned by Mr. Mantz de- 
spite the fact that the head has worn 
a groove approximately +5 in. into 
the brass polish table. It is possible 
that ours is a better grade of rubber 
than that used by Mr. Mantz. It 
is first grade, black, prewar rubber. 
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We agree with Mr. Mantz’s sug- 
gestion that the term “gentle inver- 
sion” in the caking test is liable to 
misinterpretation. 


the operation is performed too 
vigorously, the caking number may 
be reduced appreciably. This diffi- 


It is intended ; 
that the bottle be slowly turned up-— 
side down without shaking it. If — 


l 
| 
} 
‘ 
7 
' 
- 


culty could be eliminated by pro- — 


viding a simple mechanical device 
for inverting the bottles without 
introducing the human element. 
The caking studies described by 
Messrs. DuBois and Sinsheimer 


appear to be unnecessarily definitive - 


for the intended purpose. The cak- 
ing test under consideration was in- 


cluded in the polish specification — 


simply to insure against the accept- 
ance of polishes with intolerable cak- 


ing tendencies and is not intended to ~ 


discriminate among polishes with 
similar, acceptable caking tend- 
encies. When applied in develop- 
ment tests to various polishes of 
known caking tendencies, the speci- 
fied test yielded the desired order of 
differentiation. 
that polishes of higher viscosity do 


The observation — 


not tend to form definite cakes on — 


centrifuging is correct. 


Heavy - 


emulsions frequently yield caking ; 
numbers of one or two which agrees — 


with the fact that they do not form 
persistent abrasive cakes during 
storage. Such consistency is more 
common to liquid silver polish than 
to brass polish. Incidentally, it 
should be noted that separation of 
polish abrasive during storage is 
only objectionable if the. cake does 
not redisperse quickly on shaking. 
The suggestions of Messrs. Du- 
Bois and Sinsheimer concerning the 
abrasion test also appear to be 
based on the assumption that the 
test is intended to measure small 
differences between polishes of simi- 
lar abrasive characteristics. This 
is not the case. In the brass polish 
and silver polish specifications the 
maximum abrasive numbers of 40 
and 20 mg., respectively, are large 
enough to be determined accurately 
with an analytical balance. Ac- 
cordingly, longer periods of rotation 
cannot be justified for inspection 
tests. On weights of this magni- 
tude, oven drying to constant weight 


should not provide a significant in- 


crease in accuracy over careful dry- 
ing with a paper towel or chamois. 
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Some Fundamentals of Glass Adhesion 


Pass have de- 
veloped largely by empirical meth- 
ods and through the years “cut 
and try” procedures were used for 
the joining of materials. Adhesive 
formulation was considered an art 
rather than a scientific endeavor 
which relied upon the basic princi- 
ples of chemistry and _ physics. 
During the last decade adhesives 
have become important for bond- 
ing together a wide variety of ma- 
terials as wood, metals, rubber, 
glass, paper, and plastics. 

With the development of syn- 
thetic resins a new interest was 
created in the fundamentals of ad- 
hesion, as such basic information 
undoubtedly will be necessary for 
the improvement of adhesive for- 
mulations. The nature of adhesion 
has long been a controversial sub- 
ject and the present consensus ap- 
pears to favor “specific attrac- 
tions” as a basis for a theory of ad- 
hesion. However no one factor 
is considered responsible, but basic 
principles of chemistry and physics 
are involved in the surface attrac- 
tions of materials. As no satis- 
factory explanation has been estab- 
lished, exploratory studies were 
initiated and correlation attempted 
between certain fundamentals and 
bond strength of adhesive assem- 
blies. A complete literature re- 
view of adhesives and adhesive 
action is not presented in this paper, 
but reference is made to previously 
published summaries by Rinker 
and Kline (17),2 McBain, e¢ al., 
(15), Weyl (20), and de Bruyne 
(6). 


THEORIES OF ADHESION 


Early postulations described ad- 
hesion either as a mechanical proc- 
ess which relied upon solidification 
of the adhesive in the pores of the 
material or as a specific attraction 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the atten- 
tion of the author. Address all communications 
to A.S.T.M Headquarters, 1916 Race St., Phila- 
delphia 3, Pa. stitlin 

1 Glass Division, Research Laboratories, Pitts- 
burgh Plate Glass Co., Creighton, Pa. 

2The boldface numbers in parentheses refer 
to the references appended to this paper. 
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which was dependent upon chemical 
and physical forces. The present 
tendency is to perpetuate the ‘‘spe- 
cific” theory of adhesion, and even jn 
the gluing of woods, certain evidence 
(2) points to the fact that basic forces 
are involved. No definite mechan- 
isms have been found for things 
sticking together, but the numerous 
postulations that have been offered 
associated the adhesion phenome- 
non with certain chemical and phys- 
ical forces such as molecular and 
atomic attractions, polarity of sur- 
faces, orientation dispersion and 
induction effects of molecules, and 
the functional or end groups of or- 
ganic compounds used in adhesive 
formulations. Also, adhesion may 
be attributed to electrostatic, cova- 
lent and metallic forces of the pri- 
mary valence type or to secondary 
or van der Waal’s forces. Experi- 
mentally, these attractions are diffi- 
cult to determine, as well as to ob- 
tain, finite values. However, bond- 
ing energies have been calculated 
by Pauling (16); and Lennard- 
Jones (14) has approximated the 
electrostatic attractions between 
surfaces and charged particles. 

The effectiveness of primary val- 
ence bonds has been demonstrated 
by Gurney (10) in the use of brass 
plating techniques for joining rubber 
to metal. Adhesion was secured 
through sulfur bridges established 
by copper sulfide formation. An- 
other instance of chemical bridging 
was cited by Campbell (3). In 
bonding woods, hydrogen bridges 
were assumed as being responsible 
as a monomolecular film of water 
attaches the cellulose structure to 
the protein molecule of the glue, 
whereas hydrogen bridging is active 
in bonding cellulose chain units in 
intramolecular attractions. 

A chemical bonding theory is sug- 
gested by Weyl (20) which he des- 
ignates as a continuation of the 
glass structure, for example, stannic 
or titanium oxide coatings on glass 
surfaces. However, other forces 
may be responsible and where no 
chemical linkage is possible the ad- 


ASTM BULLETIN 


hesion is due to the formation of an 
intermediate layer as an oxide film 
or to the formation of a highly polar- 
izable ion on the glass surface. In 
accounting for adhesion of the high 
polymeric materials, such as poly- 
vinyl butyral,in safety glass, Weyl 
states that the van der Waal’s 
forces as well as induction, orienta- 
tion, and dispersion forces of mole- 
cules are involved. 

De Bruyne (6) states that the 
majority of adhesives depend upon 
the secondary forces as induction, 
orientation, and dispersion; but as 
the induction forces are usually 
negligible, the orientation and dis- 
persion effects predominate in se- 
curing the attraction of surfaces by 
means of the adhesive molecules. 
In predicting adhesion de Bruyne 
(7) theorizes that nonpolar as well 
as polar materials are held together 
by attractive forces, but as the polar 
forces are usually stronger than the 
nonpolar the tendency is to squeeze 
the weaker molecules from the 
mixture which often results in 
having incompatibility of mate- 
rials and lack of adhesion between 
polar and nonpolar substances. 
Thus, in order to secure adhesion 
nonpolar adhesives must be used 
in connection with nonpolar mate- 
rials, and polar adhesives for polar 
compounds. 

Del Monte (8) in reviewing the 
theories of adhesion divided the 
influences into physical and chemical 
factors and suggested that the sur- 
face properties of the materials are 
of primary importance. The physi- 
cal forces included surface tension, 
contact angle, and viscosity, whereas 
wetting of the solid surface is in- 
fluenced by these physical proper- 
ties and also by the condition of 
the solid. Surfaces are usually con- 
taminated either with oxide films or 
with thin layers of gas and moisture 
which will naturally reduce surface 
energy and adhesion if the surfaces 
are not properly cleaned before 
bonding. The chemical factors 
that were suggested as having a 
bearing on adhesion were the po- 
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Fig. 1.—Glass Tension Specimen and 
Fixtures for Testing Glass Adhesive Under 
Tension Loading. 


larity of the adhesive, orientation 
force of the molecule, and the end 
or functional group: 

The importance of functional 
groups of molecules has been in- 
vestigated by Selden and Prutton 
(18, 19) for the adherence of paint 
films. An adsorption method was 
used for determining residual va- 
lence forces in connection with cer- 
tain resins and plasticizers. The re- 
sults indicated that the presence of 
a —COOH group increased ad- 
hesion, but if the group was re- 
placed with sodium or by esteri- 
fication the adhesion was markedly 
decreased. Doolittle and Powell 
(10), in copolymerizing monomeric 
vinyl acetate and vinyl chloride in 
presence of a small amount of malic 
acid, obtained a marked improve- 
ment in adhesion, but if too high 
proportions of the carboxyl group 
were present, or if the’ carboxyl 
group was neutralized with a hy- 
droxide the initial adhesion was 
destroyed. 

Others (1, 6) have stressed the 
importance of wetting as one of the 
requisites of good adhesion. Also, 
the angle of contact, the surface 
tension,’ and the cohesive force of 
the adhesive play important roles 
in wetting and in the affinity that 
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the solid has for the adhesive. 
Rinker and Kline (17) contend that 
the attraction of solid for liquids 
which form the zero contact angle 
is more important than the wetting 
angle, whereas Bikerman (1) main- 
tains that the primary functions of 
the adhesive are to displace the 
adsorbed gases, wet the surface, and 
form a zero angle of contact between 
the adherent and the adhesive. 
De Bruyne (6) states that a zero 
angle of contact between two mem- 
bers and the adhesive is indicative 
of good adhesion. 

An appraisal of the suggested 
theories responsible for adhesion 
suggests that adhesion may be a re- 
sult of a multiplicity of factors which 
may be difficult to evaluate experi- 
mentally by a direct approach. 
Thus, in the following exploratory 
studies correlations were attempted 
between various properties and the 
tensile strength of bonded glass 
assemblies. 


EXPERIMENTAL RESULTS 


Apparatus and Methods: 


Glass adhesion presents a more 
difficult problem than the adhesion 
of other materials as the test speci- 
mens must be machined to size 
before cementing, and due to the 
smooth surface the standard ser- 
rated grips of testing machines will 
not hold the glass without break- 
age or slippage. Consequently, a 
special steel grip was constructed 
so as to apply the load on the flat 
glass surface during the evaluation 
of the tensile strength. Heat-tem- 
pered glass, “‘Herculite,’’? was used 
to reduce fracture and to promote 
failure in the adhesive. The type 
of grips and the tension specimens 
are shown in Figs. 1 and 2. 

The glass specimen is similar to 
the Tentative Method of Test for 
Tensile Properties of Adhesives 
(D 897-46 T)? except that the glass 
specimen is made by bonding three 
pieces of glass together where one 
sideof a 14-in. square of ‘“‘Herculite”’ 
is adhered to both sides of a 1-in. 
square. The bond strength re- 
corded was the average of ten repli- 
cated tests. An alternate type of 
specimen is the cross-lap tension 
test, which is made by cementing a 


* 1946 Book of A.S.T.M. Standards, Part IIIB, 
p. 1217. Bi 
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Fig. 2.—The Cross-Lap Specimen, and 
Fixtures for Testing Bond Strength of — 
Adhesives. 


1 by 1%/.-in. piece at right angles — 
to another 1 by 11/,-in. piece giving © 


- al sq. in. bonded area. 


Surface tension of the liquid ’‘ad- 
hesives was determined by the ring — 
method using a Cenco No. 70540 
interfacial tensiometer. A modi- — 
fication of the contact angle method — 
described by, Langmuir (13) was 
constructed. The modification con- — 
sisted of mounting the point source 
of light on a lever arm above a tilt- 
ing plate for holding the sample. 
Appropriate protractors on the plate 
and lever arm aided in measuring 
the angle when the star of incidence 
just disappeared from the droplet. 


Physical Properties and Bond 
Strength of Adhesion: 


Data for contact angles, surface 
tension, and tensile strength of 
adhesive bonds between glass are 
given in Table I and include the 
type of adhesives which give good 
adhesion, as well as the ones that 
had little or no-adhesion to glass 
surfaces. The contact angle meas- 
urements gave static angles vary- 
ing from 43 to 3 deg., whereas the 
advancing angle varied from 18 to 
0 deg. The vinyl acetate and the 
alkyd types had almost a zero 
angle of contact, indicating good 
wetting and spreading qualities. 
The modified phenolics or vinyl- 
phenol combinations had relatively 
lower advancing angles of contact, 
whereas the pure phenol-aldehyde 
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AS nia, © Resorcinol 37 
Eas Furan 38 


"esin maintained a higher angle of 
sontact, 18 deg. The Buna N’ad- 
nesive had almost as high an ad- 
yancing angle of contact as the 
phenol-aldehyde, but in this case 
the adhesive had a fairly high solid 
sontent and a rapid volatilizing sol- 
vent which complicated the meas- 
urement by a skin formation over 
the surface of the adhesive drop- 
let and may have been responsible 
for the lack of wetting. In the case 
of the phenol-aldehyde, the lack of 
wetting probably was influenced 
by the higher viscosity and higher 
surface tension. In examining the 
bond strength in relation to con- 
tact angles and surface tension, 
some correlation exists between 
these factors, a high surface ten- 
sion coupled with a large angle of 
contact indicates poor adhesion, 
while a small angle of contact to- 
zether with a low surface tension 
of the liquid adhesive usually gives 
1 higher adhesion value. Although 
there appears to be some correla- 
sion between wetting and adhesion, 
she contact angle at room tempera- 
jure may be only one of many fac- 
sors responsible for obtaining ad- 
nerence. Also, in the case of the 
1eat-cured or heat-activated type 
of adhesives the contact angle 
upproaches zero when heated to the 
lowing temperature. This was the 
ase with the Buna § resin-based 
idhesive, the vinyl acetate, the nitro- 
ellulose-vinyl combination, and the 
hermoplastic modified phenolics, as 
, zero angle of contact was found 
vhen examining these adhesives at 
levated temperatures. The Lang- 
nuir méthod does not appear appli- 
able for adhesives having volatile 
olvents, as the results are undoubt- 
dly influenced by the rapid skin for- 
nation. Thus, studies are under 
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Static 
Angle, 
Type of Adhesive deg. 
ti) Modified phenol 15 
Sy ae Modified phenol 15 
ih ae Phenol-aldehyde 25 
a Phenol-butyral 25 
Tos 5. Vinyl-phenol 12 
To, 6.. Buna N-phenol 12 
1A ae Polyvinyl-acetate 13 
No. 8.. Cellulose nitrate, vinyl 20 
Oo O.. Buna N resin-base 35 
No., 10... Rubber base 15 
i gk ee Acrylic acid 6 
es Alkyd 3 


‘ABLE I.—CONTACT ANGLE, SURFACE TENSION, AND BOND STRE 

GLASS SURFACES FOR VARIOUS TYPES OF ADHESIVES. tebe eee 
a a a ee ee 
Contact Angle 


Advancing Surface Bond 
Angle, Tension, Strength, 
deg. dynes per cm. psi. 

, 31.6 1580 

6 32.7 

18 54.0 

7 37.8 

7 31.0 

6 29.0 

2 32.5 

oth, 35.0 

18 41.3 

5 43.1 

2 32.7 

0 41.8 

12 45.7 

12 48.7 


way to check the above results 
using Kellogg’s (11) captive bubble 
method where volatilization of solv- 
ents may be controlled while mak- 
ing the determination. 

The high surface tension, 54 
dynes per cm in the case of the 
pure phenol-aldehyde, indicates that 
a high cohesive force of the ad- 
hesive molecule may be associated 
with the low adhesion value. Wet- 
ting appears to be an important 
requisite for securing adhesion. Sur- 
faces, such as glass and metal, which 
are easily contaminated by the at- 
mosphere or other environmental 
conditions, usually have thin films 
of gases, grease, or moisture vapors 
on their surfaces. For example, 
if a plate of glass is held in a flame, 
the moisture is rapidly driven from 
the surface. The glass surface may 
be treated to render it hydrophobic, 
as in the case where chlorosilane 
vapors are forced on the moist sur- 
face. If the treated glass surfaces 
are then bonded with a modified 
phenolic adhesive, very little ad- 
hesion is secured. Such treatment 
rendered the. surface hydrophobic 
and reduced the interfacial attrac- 
tion, giving a higher contact angle 
and poor adhesion. 

The effect of surface preparation 
on bonding strength was investi- 
gated for glass surfaces using a 
modified phenolic, and a phenolic- 
butyral adhesive. Table II gives 
tensile strength values obtained 
under the varied conditions for the 
two adhesives. The fire polishing, 
pumice and water treatment gave 
the lower value for the phenolic, 
while the same two treatments were 
low for the phenol-butyral combina- 
tion. Cleaning with acetone ap- 
peared almost as effective as the 
chemical treatments, thus indicat- 
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Fig. 3.—Apparatus for Measuring Con- 
tact Angles. 


ing that any treatment which insures 
good wetting appears desirable. 
In such cases as where the clean- 
ing material may be adsorbed on 
the surface, as pumice or chromium, 
adhesion is partially between the 
adsorbed material and the adhesive 
resulting in lower adhesive strength. 
This influence was demonstrated in 
bonding an anodized aluminum 
TABLE IIl—METHODS OF CLEANING 


GLASS SURFACE IN RELATION TO BOND 
STRENGTH. 


Tensile Strength of 
Adhesive Bond 
Modified Phenol- 
Method of Cleaning Phenolic, butyral, 
Glass Surface psi. psi. 
Wiped with dry clean s 
Globe sntaeniche wikem « 1050 740 
Cleaned with ec. p. ace- 
HOMO IA» collate. vlerele- eee 1100 1490 
Fire polished by hold- 
ing in open flame.... 875 850 
Immersion in concen- 
trated HCl, rinsed 
CY Xo leh ytc\s lege eee Sone 1100 1050 
Immersion in 25 per 
cent NaOH, rinsed e 
AMG TIO wa sie eis outs 1010 1360 
Chromic acid cleaning 
solution, rinsed and 
TIM Nee. some sce 950 1560 
Pumice and_ water, 
rinsed and dried.... 810 800 


bracket to a glass mirror using an 
alkyd type adhesive. Adhesion 
failure was very prevalent when the 
adhesive was applied directly to the 
anodized surface, but if the anod- 
izing material was removed and the 
adhesive applied directly to the 
pure aluminum surface, adhesion 
was sufficient to cause glass fail- 
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ure. Further influences of surface 
characteristics on wetting were 
shown by Kellogg (12) using con- 
tact angles as the criterion. Glass 
was subjected to different cleaning 
procedures as fire polishing, polish- 
ing with emery paper, tfeating with 
hydrofluoric acid, chromic acid, 
cleaning solution, and chemical pure 
solvents. Using water as a cali- 
brating agent, the contact angles 
obtained following these cleaning 
procedures gave a zero angle, which 
indicated that the method of clean- 
ing was not as important as having 
an uncontaminated surface. 


Functional Group and dihesin’ 


In the new developments in ad- 
hesive formulations, attempts are 
being made to secure adhesion to a 
wide variety of materials. Un- 
doubtedly the versatility of these 
newer adhesives is being attained 
by having proper functional groups 
incorporated to insure compati- 
bility. According to de Bruyne 
(6), the orientation of the molecule 
may be the necessary requisite for 
securing a good bond. For ex- 
ample, gelatin and glue are -am- 
photeric materials, and their func- 
tional groups are orientated with 
respect to the surrounding media, 
which in turn alters the active end 
group of the molecule. Primer coats 
have been very effective for changing 
compatibility between the adhesive 
and the surfaces. Thisis essentially 
an orientation phenomenon whereby 
the primer constituents are linked 
with the respective surface to ex- 
posed polar or nonpolar groups. An 
example of this type of reaction 
was encountered in adhering butyl 
rubber to glass. Almost any formu- 
lation which had an affinity for the 
butyl rubber failed to give perma- 
nent adhesion to the glass unless a 
specially prepared primer (a col- 
loidal silicate-phenolic combination) 
was applied to the glass surface 
before applying the adhesive for 
bonding the two materials. Inas- 
much as the primer was made up 
of a colloidal silicate and a phenolic 
constituent, an orientation of the 
molecule undoubtedly occurred 
where the colloidal silicate was 
* attached to the silicon-oxygen net- 
work, whereas the phenolic radical 
was exposed at the surface of the 
primer film. Consequently, in- 
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TABLE i. Pee OF BOND 

STRENGT ADHESIVE BETWEEN 

GLASS SURFACES WITH BO, WITHOUT 
A PRIMER COST, 


Bond Strength Under Tensile 
Loading, psi. 


Herculite Herculite 
Glass Surface] Glass Surface 
Type of Adhesive} (No Primer) 


Modified phenolic 1575 3200 
Phenol-butyral. . 1650 2240 
Phenol-aldehyde 0 650 
Resorsinol No. 1. 0 300 
Modified phenolic 1170 2500 
Alkyd-styrene... 200° 710 
Resorcinol No. 2. 0 390 
Phenolaldehyde . 300 890 
Buna N-vinyl... 1200 1220 
Buna N-modified 1200 1215 


creased adhesion was secured due to 
a change in compatibility by the 
exposed functional group. 

In order to further explore the 
above postulation that by changing 
the functional group of an exposed 
surface an increase in adhesion 
would result, a number of adhesives 
were tested using the primed glass 
surface. Table III gives a com- 
parison of the tensile strength of 
adhesive bonds which were deter- 
mined for the two sets of conditions. 

The data illustrate that increas- 
ing or improving the chemical com- 
patibility between materials being 
bonded increases their attraction 
and ultimate bond strength. The 
adhesives that were definitely phe- 
nolic in composition gave the larg- 
est increases in bond _ strength, 
while the adhesive having the 
greater proportions of vinyl or Buna 
N as their base gave little or no in- 
crease over that secured from the 
polished surface. For example, the 
phenol-aldehyde which has normally 
no adhesion to polished plate glass 
increased to 650 psi. on the primed 
surface, while the modified phenolic 
doubled in bond strength. The 
Buna N - based adhesive gave no 
increase in strength from that ob- 
tained from the original polished 
plate glass. 

Another attempt at testing the 
effects of surface coating was by 
means of an evaporated aluminum 
film on a glass surface which was 
examined for adhesion using a 
modified phenolic adhesive. Good 
adhesion was obtained between 
the aluminum and the adhesive. 


However, the aluminum film was °- 


pulled from the glass surface. The 
adhesion between the aluminum film 
and glass may be characterized as 
an oxide film or as a continuation 
of the Si-O network. However, the 
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~ materials. 


low tensile strength of the bond| 
might indicate that this particular - 
type of adhesion may be merely an : 
adsorption phenomenon, rather - 
than a chemical force where definite : 
functional groups:are combined. — 

Studies were attempted to deter- . 
mine any changes in polarity that . 
may be caused by the coatings on . 
the glass surface. De Bruyne has | 
emphasized the polarity of the. 
molecule in the bonding of various . 
His technique (7) was | 
used for checking glass and modified 
glass surfaces using a benzene and 
water mixture as the standard. 
Other mixtures as monomeric vinyl 
acetate and water, styrene and 
water, and methylmethacrylate and 
water were tested for metal and 
glass surfaces. The results ob- 
tained from the monomer-water 
mixtures were identical for the 
respective surface as obtained from 
the standard. The method does 
not appear sensitive enough to de- 
termine the orientation of a thin | 
surface film on glass as the results 
obtained were approximately the 
same for the primer coated surface 
as obtained from the polished plate 
glass surface. : 

Another attempt was made to. 
associate the effect of functional 
groups of chemical compounds and 
adhesion. A small portion of the 
chemical was placed upon the glass 
surface, brought to the melting 
point, joined under sufficient pres- 
sure to produce intimate contact, 
and then allowed to solidify before 
testing in tension. Table IV gives 
the tensile bond strength of various. 
functional groups. 


TABLE IV.—PURE CHEMICALS AS AD- 
HESIVES FOR JOINING GLASS, 


Description of 


Chemical Compound] Psi. Failure 


Phenoll..2.../.5 vce ae 25 |Adhesive 


Diphenyl?..--oeenoee 0 |No adhesion to glass. 
patiidrory basa al-| 275 |Cohesive 
0- in deassLeneniae 
hy des sacacuscste 290 |Cohesive 
2-4, Tiohiéus phenol.. 0 |No adhesion 
BN -Ni itrophenol....... 15 |Cohesive 
henyl salicylate. .... 22 |Adhesive 
Salicylic acid........ 0 |No adhesion 
Glycolic acid Pierce's 0 |No adhesion 
Cinnamic acid....... 0 |No adhesion to glass: 
Stearic acid......25, 40 |Cohesive 
Tartaricacid........ 130 |Adhesion 
Citric acidien eee 320 |Cohesive and ad-- 
hesive ‘ 
Benzoicacid......... 0 |Adhesion 
Maleicacid.......... 110 {Adhesive 
Na-K-tartrate....... 390 |Adhesive 
NHe-stearate........ 10 |Adhesion and _ co-- 
hesion 
Sulfur.) eres 160 |Cohesive 
Dextroseyc.j) toe 230 |Adhesive ; 
Maleic anhydride....]| 50 |Cohesive and ad-- 
hesive 
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' The carboxyl group has been 
suggested as being effective for in- 
creasing adhesion and consequently 
a number of organic acids were 
tested. The results show that the 
majority of the selected acids were 
noneffective as adhesives for Her- 
culite surfaces. Maleic tartaric 
and citric acids gave bond strengths 
from 110 to 320 psi. However, 
when Na and K were substituted 
for hydrogen in tartaric acid, ad- 
hesion was increased to 390 psi. 
One bad feature of using hot melt 
techniques with dibasic acids is that 
thermal decomposition may occur. 

Various substituted phenols that 
were tested as adhesives, especially 
o-hydroxybenzaldehyde and _ o-hy- 
droxybenzyl] alcohol, had consider- 
ably more adhesion to glass sur- 
faces than the pure phenol, indicat- 
ing that the additional functional 
group may have been responsible. 
McBain (15) and associates have 
previously secured adhesion with 
numerous pure compounds with op- 
tical polished surfaces, and the data 
implied that certain end groups as 
C=O and —OH were effective in 
securing adhesion. Other investi- 
gations (9, 18, 19) have presented 
data to support the theory that 
functional groups attached to cer- 
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tain polymers either as end groups 
or side chains increased adhesion. 
Therefore, considerable importance 
may be given to functional groups 
of molecules as an influencing factor 
for obtaining adhesion. Work along 
this line should be continued to es- 
tablish their association. 
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eat Distortion Data of Plastics 


By L. S. Moody and K. B. Goldblum’ 


SYNOPSIS 


The graph of the log of deflection in mils versus the log of the absolute 
temperature with regard to heat distortion data has led to some interesting 


observations. 
and crosslinked materials is shown. 


A marked difference between the behavior of thermoplastic 
Interpretations are presented for each 


case. The heat distortion test is put on a somewhat sounder thermo- 


dynamic basis. 


Ture ‘has been a 
growing feeling that it should be 
possible to relate the shape of the 
heat distortion curve to parameters 
which could be related to the known 
physical constants of the plastic 
materials under test. For instance, 
it might be possible to relate the 
yield point in some way to that 


NOTE:—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the 
attention of the author. Address all com- 
munications to A.§.T.M. Headquarters, 1916 
Race St., Philadelphia 3, Pa. g 

1 General Electric Company, Plastics Labora- 
tory, Pittsfield, Mass. 
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fraction of the polymer having the 
lowest molecular weight. While 
specific correlations were not ob- 
tained, an empirical equation was 
arrived at which seems to allow the 
interpretation of the heat distor- 
tion data for a thermoplastic ma- 
terial. 

The heat distortion test as now 
conducted is arbitrary in that one 
point (the 10-mil point) is selected 
from a great number of possible 
points. It has been customary to 
consider the curve of deflection 
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versus temperature as having some 
significance. Frequently the de- 
flection in mils, F, was plotted 
against the temperature, t, in de- 
grees centigrade. However, little 
insight into the nature of the physi- 
cal process occurring was obtained 
from these plots. 


Meriop 


The heat distortion temperature 
of a plastic is defined in A.S.T.M. 
Tentative Method D 648? as that 
temperature at which a 5 by } by 
4-in. bar is distorted 0.010 in. 
(10 mils) at its center under a 
maximum fiber stress of 264 psi. 
between 4-in. supports when heated 
at a rate of 2 + 0.2 C. per min. 
In the General Electric Company 


2 Tentative Method of Test for Heat Distor- 
tion Temperature of Plastics (D 648 — 45 T), 1946 
Book of A.S.T.M. Standards, Part III-B, p. 872. 
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Plastics Laboratory it has been 
customary to substitute a smaller 
test specimen 3 by 3 by # in. 
(dynstat sample) for the standard 
bar when only small amounts of 
material are available. Under these 
conditions, a 5-kg. weight is sub- 
stituted for the standard 2.5-kg. 
load. The data obtained with the 
smaller pieces under the greater 
load have been found in numerous 
comparative experiments to agree 
quite well with the data obtained 
under the standard test conditions 
if six degrees are deducted from the 
heat distortion temperature when 
the smaller piece is used. 


LOG OF DEFLECTION F 


MoFe ato) 2O0ls 250 
LOG OF ABSOLUTE 
TEMPERATURE 


Fig. 1.—Log of Deflection in Mils versus 
Log of Absolute Temperature Plot for a 
Polystyrene, Dynstat Size Specimen. 


DatTA AND DIscussion: 
THERMOPLASTIC MATERIALS 


To repeat the long list of empirical 
relations which were tried in the 
attempt to correlate the data would 
only be time consuming. The 
simple relation that was finally 
arrived at was F = KT” where F 


LOG OF DEFLECTION F 


250 251 


LOG OF ABSOLUTE 
TEMPERATURE 


Fig. 2.—Log of Deflection in Mils versus 
Log Absolute Temperature Plot for a 
Cellulose Acetate, Dynstat Size Specimen. 
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is the deflection in mils, J is the 
absolute temperature in degrees 
Kelvin, and K and m are arbitrary 
parameters. It is obvious that a 
plot of log F in mils versus log T 
would give a linear graph of slope 
m. Applying this to thermoplastic 


’ materials such as polystyrene and 


cellulose acetate, graphs of which 
Figs. 1 and 2 are typical were ob- 
tained. 

In general, for commercial poly- 
styrenes (Fig. 1) it was found that 
the graph resolved itself into two 
straight lines intersecting at a 
characteristic temperature regard- 
less of the source of the material. 
This intersection was also found to 
be characteristic when the dynstat 
samples were used with the increased 
weight. While only incomplete 
data (up to the 10-mil point) were 
available for the cellulose acetate 
and no break in the line was ob- 
served, it is our conviction that 
when more complete plots can be 
made, the characteristic graph will 
be obtained. 

For purposes of reference, the 
lower line of these plots was called 
c and the upper line b. The inter- 
section of the two lines c and b 
was called t,. 


SOFA Dan Kec) 


Fig. 3.—Change in Slope of c and of b with 
Changes in Load of Polystyrene, Dynstat 
Size Specimens. 


An experiment was made to 
determine the manner in which c, 
b, and ¢, varied with the load used. 
The samples in this experiment were 
molded from polystyrene in a dyn- 
stat sample transfer mold. This 
mold makes five identical samples 
per shot. Therefore, these pieces 
should be very similar as far as 
their thermal histories are con- 
cerned. It was found that the slope 
of ¢ was nearly invariant with load 
while the slope of b was dependent 
on the load as shown in Fig. 3. 
The graphs of ¢, and of the heat 
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Fig. 4.—Change in Heat Distortion Tem- — 
perature and in t, with Changes in Load , 
of Polystyrene, Dynstat Size Specimens. 


distortion temperature versus load 
as shown in Fig. 4 demonstrate that 
while ¢, is essentially invariant with 
changes in load, the 10-mil heat dis- 
tortion temperature decreases with 
increasing load. The deflection 
versus temperature data for this 
experiment are shown in a somewhat 
idealized form in Fig. 5. 
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LOG OF DEFLECTION 


257F 


255 2.56 
LOG OF ABSOLUTE 
TEMPERATURE 
Fig. 5.—Composite Plot of Log of Deflec- 
tion in Mils versus Log of Absolute Tem- 
perature at Various Loads. Polystyrene 
Dynstat Size Specimens. 


The following interpretation is 
offered as an explanation of the 
above data. Region c is that region 
in which thermal expansion and 
spreading of the chains of the plastic 
material are the principal physical 
processes. This region should not be 
much affected by changes in load 
except over long periods of time. 
The inflection point, ¢, marks the 
end of the primary process and 
might be called the seeond order 
transition point under the condi- 
tions of the test. Above t, the 
chains have sufficient thermal en-— 
ergy to rotate and pass one another. 
Therefore, in region b plastic flow 
is encountered and the slope of b 
is very load sensitive. No explana- 
tion has been found for the fact that 
the slope of b decreases with in- 
creasing load. 
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fig. 6.—Log of Deflection in Mils versus 

Log of Absolute Temperature Plot for 

Polystyrene Solvated (Toluene) and After 
: Drying Two Weeks at 80 C. 


If a plasticizer or solvent is 
added to polystyrene to spread the 
shains, one would expect that the c 
region would disappear and only 
the b region would be found.? In 
Hig. 6 are shown the heat distortion 
data for a polystyrene sample 
oefore and after it has been freed 
of solvent (toluene). 
ng to note that the typical curve 
is developed after the solvent has 
oeen more or less completely re- 
moved. 

Attempts to relate slopes c or b 
to the molecular weight have not 
deen successful. This may be due 
io the large experimental error in 
Jetermining these slopes. However, 
t has been found that ¢, is essen- 
iially independent of molecular 
weight (as indicated by specific 
viscosity at the same concentra- 
jion) at least in the range usually 
‘ound in commercial polymers. This 
s illustrated in Fig. 7. 


T,, VEG. CENT. 


SPECIFIC VISCOSITY 
fig. 7.—Variation in t, with Specific Vis- 
-osity of a Series of Commercial Polysty- 
renes. 


For a thermoplastic material then, 
the deflection F in mils is found to 
ye a simple relation to the absolute 
emperature 7. After this relation 
iad been found, Nutting* published 
in equation which is broader in 
cope. Nutting’s equation was ob- 


3R. F. Boyer and R. §. Roane Journal of 
panied Physics, Vol. 16, p. 594 (1945). 

. Nutting, Journal, Franklin Institute 
rol. ae p. 449 (1946). 
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It is interest- , 


tained from a study of the flow of 
pitch: 
F = Ai’p”T" 

where: 

A,n,m, andr = constants, 

F = the deformation, 

t = time, 

p = pressure, and 

T = the absolute temperature. 


Since p” would be constant during 
the heat distortion test, and if it 
is assumed that the time factor is 
not too important, Nutting’s equa- 
tion reduces to that which has al- 
ready been shown, namely, F = 
KT* below t, and F = K’T? above 
- 

With regard to the constancy of 
the time factor ¢” in Nutting’s 
equation, it may be argued that in 
this paper straight lines are being 
drawn for slow sloping curves. 
However, it has been shown experi- 
mentally (and evidence has been 
presented at an A.S.T.M. meeting)® 
that over a reasonable range the 
rate of heating causes no great 
changes in the results. It could 
undoubtedly be shown that if the 
rate of heating were much reduced, 
some changes would be found. 

The effect on the values of c, b, 
and ¢, of small constant changes 
such as might be found if the gage 
were off by 0.1 mil was studied. 
Neither 6 nor t,, was affected. How- 


5D. E. Strain, E. I. du Pont de Nemours and 
Co., Wilmington, Del., reported at the meeting 
of Section E, Subcommittee III of A.S.T.M. 
Committee D-20 on Plastics, held on March 2, 
1943, that the rate of heating may be varied from 
¥% deg. per min, to 2 deg. per min. without 
significant change in the heat-distortion results. 
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Fig. 8.—Log of Deflection in Mils versus 

Log of Absolute Temperature Plots for 

‘Standard Bar Specimens, Commercial 

Samples of Polystyrene and Crosslinked 
Polystyrene. 
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ever, the slope of ¢ varies consider- 
ably. Despite this possibility for 
error in the value of c, it was felt 
that the dial gage should be set at 
zero, since if the equation were 
obeyed, the deflection at room tem- 
perature should be exceedingly small 
so that the actual errorn the setting 
would also be exceedingly small. 


Data AND DiIscussION: 
CROSSLINKED MATERIALS 


So far in the discussion, only the 
thermoplastic materials have been 
considered. The curves obtained 
from the log deflection versus log 
absolute temperature plot for cross- 
linked materials is more difficult 
to explain. In Fig. 8 are shown the 
graphs of a commercial polystyrene 
and a lightly crosslinked poly- 
styrene. The latter is strikingly 
different from the former. In the 


‘latter the c region has completely 


disappeared. Little or no deflection 
occurs until the ¢, temperature is 
reached. At this point an abrupt 
yielding takes place followed by a 
more gradual change. This is 
followed finally by a region of highly 
accelerated yielding of the test 
specimen. 

A possible interpretation of this 
behavior is based upon the sup- 
position that in a lightly cross- 
linked material the theory of prob- 
ability suggests that there will be 
regions which will be more highly 
crosslinked than the regions be- 
tween them. However, there is 
enough crosslinking in all regions 
so that the c line which denotes the 
chain spreading process is not found 
since the chains are too firmly 
bound to one another for much 
spreading. 

When ¢, is reached, flow would 
occur within the crosslinked region 
until the crosslinks have all tight- 
ened up in a particular region. Then 
the flow would slow somewhat. 
Finally, at higher temperatures, one 
crosslinked region would tend to 
flow past another and so a second 
type of flow would begin. It is as- 
sumed, as stated before, that some 
crosslinking exists in the inter- 
region spaces so that the second type 
of flow should not continue in- 
definitely. No limit has been 
found even with dynstat size pieces 
up to several hundred mils deflec- 
tion. 
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The shape of the curve for a 
highly crosslinked polymer can be 
predicted from the preceding dis- 
cussion of the lightly crosslinked 
system. The major difference be- 
tween the two is that in the highly 
crosslinked system, there would be 
little or no flow of one region past 
another. The predicted curve 
should, then, show an abrupt rise 
followed by a leveling of the curve 
to a more or less horizontal line. 
A curve for an actual specimen is 
shown in Fig. 9. The apparent 
upsweep at the end of this curve 
was the result of the gradual crack- 
ing and breaking of the test specimen. 
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Fig. 10.—Log of Deflection in Mils versus 

Log of Absolute Temperature Plot for fa 

Cross-linked Polymer Showing Regions b 
c and a. 


It was found in examining cer- 
tain materials using the dynstat 
specimens that the data for these 
crosslinked materials could be re- 
solved into two straight lines as 
shown in Fig. 10. The upper line 

was designated a and the lower, b. 
The slope of these lines is dependent 
on the load used. However, for 
constant load, it was found that the 
slope of a was a measure of. the 
amount of crosslinking. If there 
were no crosslinking agent present, 
line a would be a continuation of 
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Fig. 9.—Log of Deflection in Mils versus Log of Absolute Temperature Plot for a Highly 
Crosslinked Polymer. 


b, and for very highly crosslinked 
materials, line a would be parallel 
to the abscissa. The slope of a 
was found to decrease in more or 
less regular fashion with increasing 
density in a series of samples of a 
polymer whose density was known 
to increase with increasing amounts 
of crosslinking. The slope of b 
was affected only slightly by in- 
creasing crosslinking. However, t;, 
the temperature at which lines a 
and b intersect, was found to in- 
crease with increased crosslinking. 
120 


80 


SEOPE-—-OF 


15% ACCELERATOR 


0 10 20 


PERCENTAGE OF CROSS- 
LINKING AGENT ADDED 


Fig. 11.—Changes in Slope of a versus 

Percentage of Crosslinking Agent Added 

Without and with 15 per cent Accelerator 
dded. 


That the slope of a is a measure 
of the amount of crosslinking is 
borne out in Fig. 11. In the upper 
graph is shown the variation of 
slope a with the added amount of 
crosslinking agent in a, series of 
samples as compared to the lower 
graph in which the same series of 
samples was added 15 per cent of an 
accelerator. These plots show quite 
clearly that the slope of a is a func- 
tion of the degree of crosslinking 
and that the behavior of the change 
in slope a can be predicted. 
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Fig. 12.—Log of Deflection in Mils versus | 

Log of Absolute Temperature for Idealized ! 
General Case. 


GENERAL CURVE 


It is the opinion of the authors 
that the simple ideas presented here 
suffice to explain the thermoplastie 
materials and probably the lightly 
crosslinked materials. However, 
these simple concepts are insuf- 
ficient to describe completely the 
highly crosslinked systems. For 
the former systems, it is felt that 
there exists a general curve which — 
describes the behavior of all these 
materials. To date, no one sample - 
has been found which gives the 
entire general curve and there is 
some reason to believe that it 
never will. In Fig. 12 is shown 
the plot of the general case. It is a 
logical combination of the thermo- 
plastic and crosslinked curves. 


SUMMARY 


The data presented in this paper 
have demonstrated that for a ther- 
moplastic the simple relation F = 
KT” is obeyed up to the tempera- 
ture ¢,. Above this point the 
relation F = K’T? is followed. 
For commercial polystyrenes, t, is 
essentially invariant with changes in 
specific viscosity. The slope of b 
is very load dependent while the 
slope of c is insensitive to load. 

‘With highly crosslinked materials, 
the c region is not in evidence. 
The curves show the 6 region in 
addition to an a region. The slope 
of a is to a great extent related to 
the degree of crosslinking of the 
polymer. 

In the case of neither the thermo- 
plastic nor the crosslinked polymers 
do the authors feel that the final 
picture has been presented. The 
ideas and data given here have been 
brought forth in the hope that they 
may be of some assistance to other 
workers in this field. 
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One-Millionth Second Radiography and Its Development’ 


By Charles M. Slack* and Louis F. Ehrke’ 


I. THE fall, of 1945 
idiologists and roentgenographers 
bserved the fiftieth anniversary of 
,oentgen’s discovery of the Roent- 
en Ray, or, as we usually refer 
) it, the X-ray. It is fortunate 
1at this anniversary coincides with 
1e release of some of the develop- 
ents which took place in X-ray 
schnique under the stimulation of 
ne war years, since we may thus 
ring up to date the survey of the 
rogress which has been made in 
he X-ray art in the last century. 

This paper will consider the 

reat reduction in exposure times 
Thich has been made since Roent- 
en’s period and particularly the 
atest development which permits 
adiographs to be made through 
easonable thicknesses of metal in 
he extremely short time of one 
aillionth of a second. 


ANODE 


CATHODE 


Source | _ = er es 
IF X-RAYS \— — — 
ELECTRON STREAN 


‘ig. 1A Gas Discharge Tube of the 
‘ype Used by Roentgen When He Dis- 
covered X-Rays. 


The glass wall of the bulb became the X-ray 
mitter under electron bombardment. 


Roentgen’s original tube was con- 
tructed of a lime glass bulb pro- 
rided with two electrodes as illus- 
rated in Fig. 1. When voltage 
rom an induction coil was applied 
yetween the anode and cathode, 
he gas remaining in the tube was 
onized and the resulting bom- 
yardment of the cathode by positive 
ons caused the emission of electrons 
vhich were accelerated toward the 


IOTE.—DISCUSSION OF THIS PAPER IS 
NVITED, either for publication or for the at- 
sntion of the author. Address all communica- 
ions to A.S.T.M. Headquarters, 1916 Race St., 
hiladelphia 3, Pa. j ; 

* Presented at a Symposium on Ultra-High 
Toltage ,Radiography sponsored jointly by 
..§.T.M. Committee E-7 on Radiography and the 
merican Industrial Radium and X-ray Society, 
eld in Cleveland, Ohio, February 8, 1946. 

1Lamp Div., Research Labs., Westinghouse 
‘lectric Corp., Bloomfield, N. J. 
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Fig. 2.—A Typical Modern Hot Cathode X-Ray Tube. 


The electrons are furnished by a hot filament and bombard a tungsten target, generating X-rays. 


end of the tube. These electrons 
impinging on the glass end of the 
bulb excited X-radiation. A radio- 
graph of a hand made with such a 
tube required an exposure of 1 hr. 
As an indication of the contribution 
to speed made by modern films and 
intensifying screens, a similar radio- 
graph was made in our laboratory 
using a replica of Roentgen’s tube 
excited by a 20-kv. spark coil in 
5 min. on modern film with one 
intensifying screen. 

The use of a metal target instead 
of the glass end of the X-ray bulb 
as the source of X-rays was also 
investigated by Roentgen and this 
factor added greatly to the efficiency 
of X-ray production. In the modern 
conventional X-ray tube of the hot 
cathode type introduced by 
Coolidge in 1913,? the source of 
electrons is a hot filament, and the 
tube is so well exhausted that no 
appreciable ionization of the type 
responsible for the functioning of 
Roentgen’s tube takes place. A 
modern version of a hot cathode 
X-ray tube incorporating the line 
focus principle which permits the 
actual size of the focal spot to be 
greater than the radiographically 


2 W. D. Coolidge, Phys. Rev., Vol. 2, p. 409 
(1913). 
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effective size, permitting greater 
energy dissipation, is shown dia- 
grammatically in Fig. 2. With this 
tube, a radiograph of a hand may 
be made in 12 milliampere-seconds 
at a suitable voltage using intensify- 
ing screens. 

The tube and apparatus to be 
described will make such a picture 
in 1 microsecond. Of course, since 
the amount of X-rays emitted in 
such a short time must ,be sufficient 
to produce the same photographic 
effect as the conventional X-ray 
tube produces in much longer ex- 
posure times, the current through 
the high-speed tube must be pro- 
portionately increased. This re- 
quires that electron currents of 
1000 to 2000 amp. be available. 
Compared to the usual output of 10 
to 1000 milliamp., this is an enor- 
mous increase and is not to be ob- 
tained by conventional means. The 
dissipation of this amount of energy 
is an important factor in the design 
of the tube. This will be discussed 
later in this paper. 


Earty ATTEMPTS AT ULTRA-SPEED 
RADIOGRAPHY 


The first effective step in this 
direction was taken by Max Steen- 
beck in 1938, by the discharging of 


(TP31) 59 


a condenser through a tube con- 
sisting of two mercury pools con- 
nected by a length of heavy capillary 
tubing. When the condenser dis- 


charged across this tube, a cathode. 


hot spot formed on one of the pools 
and electron current flowed through 
the capillary and impinged on the 
mercury of the other pool with 
consequent generation of X-rays. 
At ordinary temperatures, however, 


the current is uncontrolled and the. 


discharge has a negative charac- 
teristic. It is, therefore, necessary 
to control the ambient temperature 
and hence the pressure in the tube 
within rather narrow limits in order 
to produce X-radiation. The proper 
operating temperature is in the 
neighborhood of 0 C. Steenbeck 
succeeded in obtaining pictures of 
bullets in flight and in wood blocks, 
although the operating difficulties 
of such a device are considerable. 

About this same time and inde- 
pendently of Steenbeck, a mercury 
discharge tube was constructed by 
Kingdon and Tanis of the General 
Electric Co. for the purpose of 
testing the reciprocity law in the 
killing of bacteria by X-radiation. 
This tube was similar to that of 
Steenbeck in its operating charac- 
teristics but was provided with a 
tungsten anode. Although the ex- 
posure times were of the order of a 
few microseconds, no attempt was 
made to focus the electron beam 
and apparently no radiographs were 
made. 


DEVELOPMENT OF THE Fieip Emis- 
ston Arc TUBE 


It was apparent that a better 
source of electrons than was here- 
tofore available would have to be 
found if a practical tube for micro- 
second radiography was to be de- 
veloped. The development of such 
a source may be briefly traced as 
follows. It had long been known 
that instability and flash-back in 
vacuum tubes did not depend 
exclusively on the degree of vacuum 
within the tube, but rather on the 
state of contamination or surface 
gas accumulated on the electrodes 
or walls of such tubes. Tubes 
equipped with vacuum gages had 
been tested and found to flash back 
under much better vacuum condi- 
tions than had sufficed for satisfac- 
tory operation. It was found that 
such disturbances were due to the 
emission of large bursts of electrons 
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SIMPLE POINT TO PLANE 
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@) | 


VOL TAGE 


POINT TO PLANE and TRANSFER to SECOND PLANE 


ARRANGEMENT 
of X-RAY TUBE 


ELECTRODES. 


(c) +Ransrer 
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Fig. 3.—Successive Steps in the Develop- 
ment of the Special Cathode for the High- 
Speed X-Ray Tube. 


(a) Simple point to plane. 

(b) Stabilized arc with transfer to anode. 

(c) Further development with focusing of 
the electron stream. _ 


from contaminated surfaces or from 
sharp edges or points on the elec- 
trodes. Such bursts of cold emission 
were found to be of quite high cur- 
rent value and it was thought that 


possibly they could be turned to a 


useful purpose by adapting them 
to form a cold cathode operating 
under controlled conditions. 

The first attempt in this direction 
is illustrated in Fig. 3 (a). A sharp 
point was located adjacent to a 
plane electrode and voltage applied 
between them. Under high vacuum 
conditions, the potential gradient 
could be raised sufficiently high to 
pull electrons out of the point, even 
though it was cold. The conse- 
quent flow of current caused vapori- 
zation of metallic atoms and the 
resultant discharge degenerates into 
a metallic are capable of carrying 
extremely high currents. However, 
because of the rapidly lowered re- 
sistance of the tube, the voltage in 
this case collapses almost imme- 
diately to a low value and appre- 
ciable production of useful X-rays 
is therefore precluded. Figure 3 (b) 
shows how the introduction of a 
third electrode enables the arc to 
be initiated between this electrode 
and the cathode. The magnitude of 
the current in this arc is limited by 
the resistance which forces the main 
discharge to the anode. This ar- 
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rangement allows the maintenance 
of high voltage while current is 


flowing, a necessary condition f 
the production of X-rays. Fi 

3 (c) shows a rough sketch of the 
electrode forms finally adopted and 
which result in some focusing of the 
electron beam on the anode. With 
this arrangement, it was possible 
to secure currents of the order of 


1000 amp. at voltages of 300 ky.. 


which provided sufficient X-ray 
output to take a picture 1 in 1 micro- 
second through 1 in. of steel. 


The necessity of dissipating this: 


enormous energy in the X-ray tube 
imposes certain limitations on the 
design of the tube. As will be 
seen from the following analysis, the 
minimum permissible size of the 
focal spot is controlled by these 
energy considerations. 

The energy - of the impinging 
electrons is dissipated in four differ- 
ent ways: 


1. In the production of X-rays.. 
This accounts for a fraction of 1. 


per cent of the energy. 


2. Light and heat radiated from | 
the focal spot account for 1.to 5) 
per cent of the energy, depending ; 


on the exposure time. 


3. Vaporization of the tungsten . 
target accounts for perhaps 3 per’ 


cent of the energy. 


4. Heating of the tungsten 


target at and near the focal spot. 


absorbs from 90 to 98 per cent of the 
total energy. 


It is obvious from these con- 
siderations that conduction of heat 
from the focal spot area to the sur- 
rounding tungsten must be relied 
on to play the major role in heat 
dissipation. Since for any total 
quantity of input the amount of 
heat conducted from a given area 
depends on the duration and the 
difference in temperature, it can 
easily be seen that the heat-dis- 
sipating ability of a focal spot will 
decrease as the exposure duration 
decreases, so that one would expect 
it to be quite small for exposure 
times of about 1 microsecond such 
as we are considering here. It is 
fortunate that the heat dissipated 
varies with the square root of the | 
exposure time according to the. 
following formula: 


Wm = 42 'n(wKet)'/2 


where: 
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Fig. 4.—Electrodes of the Ultra-Speed X-Ray Tube. 


Wm = the loading in total energy per- 
mitted per unit area to raise 
surface to temperature T'm, 

K = the thermal conductivity of the 
anode material, 


c = the heat capacity of the anode 
material, 

t = the time of exposure, and 

Tm = the temperature. 


Calculated on this basis, using a 
condenser of 0.02 microfarad 
charged to 100 kv. (and assuming 
a discharge time of 1 microsecond) 
a focal spot area of approximately 
16 sq. cm. would be required to 
dissipate the energy of the electrons 
without vaporizing the tungsten 
target. It has: been found that 
focal areas of from one eighth to 
one quarter of the calculated values 
are sufficient in practice and that 
while some vaporization does occur, 
several thousand exposures could be 
given before the tungsten deposit 
becomes sufficiently thick to absorb 
the X-rays appreciably. The failure 
of the formula to hold in this case is 
probably due to a number of causes, 
the most important of which are: 
1.’ The total discharge time of 
the condenser may be several times 
that of the X-ray exposure since the 
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intensity of the X-rays falls off 
rapidly with decreasing voltage. 

2. A considerable portion of the 
electrons may be deflected from the 
target and give up their energy 
elsewhere. 

3. The discharge degenerates 
into a low-voltage are passing very 
high currents with little energy 
loss in the tube. 


4. The time is so short that 
even with a high rate of evaporation 
the total material loss per exposure 
is small. 

These conditions indicate that 
the focal spot and hence the ob- 
tainable definition can never be 
made as fine in a tube operating at 
these extremely short exposure times 
as they may be in tubes operating 
in the conventional manner. How- 
ever, adequate definition for most 
purposes is easily obtained and 
rather fine definition can be ob- 
tained in one direction by taking 
the X-rays off the target near 
grazing incidence. 

Figure 4 shows a photograph of 
the anode and cathode electrodes 
as used in the commercial high- 
speed tube. Figure 5 is a photo- 
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graph of a high-speed tube taken 
while the discharge passed. The 
effect of the impinging electrons on 
the tungsten surface may be seen 
by the flash, and the paths of the 
incandescent tungsten particles from 
the focal spot are traced out by the 
light streaks. Some of these par- 
ticles strike the tube walls and are 
reflected back while most seem to 
end at the tube wall, producing a 
gradual blackening on the inside 
of the bulb. 


Circuit For ULTRA-SPEED TUBE 


The manner of operation of this 
device may be seen by referring to 
the circuit shown in Fig. 6. A 
bank of condensers is charged in 
parallel and discharged-in series 
through the connecting spark gaps. 
This results in a multiplication of 


the charging voltage by a factor 


equal to the number of condensers 
employed. The condensers are 
charged through the valve tubes 
Vi, and V2 by means of the trans- 
former EH, to a voltage somewhat 
lower than required to break down 
the spark gap. Condenser C4 is 
simultaneously charged to about 
1000 v. When one wishes to make 
the exposure, the circuit is broken 
at P, the charge on the grid of the 
thyratron J’. leaks off, permitting 
condenser C, to discharge through 
the induction coil H whose second- 
ary gives a sufficient voltage im- 
pulse to the high voltage circuit to 
cause the trigger gap L to flash 
over. This results in the break- 
down of the surge generator gaps, 
impressing a high voltage between 
G and H. Field electrons are 
drawn from G and this initial 
discharge evolves into a metallic 
arc between G and H which spreads 
out into the focusing cup and _ be- 
comes a virtual cathode of ap- 
parently unlimited current-carrying 
capacity. Due to the action of 
resistance J, the discharge transfers 
to anode [J and X-rays are produced. 

Such a field emission are cathode, 
capable of furnishing extremely high 
current densities, has found applica- 
tion in electronic devices other than 
X-ray tubes. 

The time of formation of the 
discharge inside the tube is ex- 
tremely short, and must indeed be 
shorter than that required to form 
a spark in air, since a parallel rod 
spark gap will jump a considerably 
larger spacing without the tube in 
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Fig. 5.—High-Speed Tube While the Discharge Is Passing Showing the Traces of In- 
candescent Tungsten Particles Vaporized from the Anode. 


the circuit than with it in place. 
This very short breakdown time is 
also evidenced by the fact that the 
space between the external con- 
nections to the electrodes G and H 
is very small as can be seen from a 
photograph of the tube (Fig. 7) 
but is sufficient to prevent external 
breakdown, although if it were 
not for the rapid internal break- 
down of the tubes the entire con- 
denser voltage would be impréssed 
between these terminals. 

It may also be noted that the 
tube has been made shorter than 
would ordinarily be required for 
operation in air at the rated voltage 
of 300 kv. This is permissible 
because the voltage remains across 
the tube for too short a time for an 
external arc to form. 


COMMERCIAL E.QUIPMENT 


As has been mentioned above, a 
circuit employing condensers has 
been used to energize the tube. 
This is the most practical way of 
obtaining the very high instan- 
taneous power required to operate 
the tube at 1000 to 2000 amp. and 
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300 kv. By the use of the Marx 
circuit, which permits one to charge 
the condensers in parallel at rela- 
tively low voltage, and then dis- 


charge them in series to obtain the © 


high operating voltage, the size and 
cost of the transformer and other 
apparatus have been kept at a 
minimum. As the apparatus is 
furnished commercially, it consists 
essentially of six 0.04-microfarad 
condensers mounted on two levels 
of a portable unit as illustrated in 
the photograph, Fig. 8. The spark 
gaps which connect the condensers 
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Fig. 6.—Schematic Circuit Diagram of High-Speed Tube 


and Surge Generator. 


in series at the time of discharge 
are adjustable for operation at 
various voltage settings. At the - 
extreme lower left, the triggering 
transformer or impulse coil may be 
seen. The tube is supported in~ 
front of the portable unit and may 
be raised or lowered and swiveled 
into the most convenient position 
for any given application. 

The exceedingly rapid break- 
down time of the X-ray tube has 
permitted closer spacing of the 
condensers than would normally be | 
the case, so that a relatively com- 
pact design has been achieved. — 
The time constant of the trigger 
circuit was originally about 20 
microseconds, but has been reduced 
to less than 1 microsecond experi- 
mentally by the use of radar com- 


Fiz. 7.300 kv. High-Speed X-Ray Tube. 
Note the snall separation of the two cathode electrodes. 
rapidity with which the discharge builds up inside the tube preventing an external are from forming. 
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This is possible because of the extreme 
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vided with four high-tension cable 
output sockets so that from one to 
four surge generators may be oper- 
ated simultaneously from the same 
charging unit. This is often done 
when it is desired to produce se- 
quence shots of some event. In 
such a case, the timing units are 
so adjusted that the generators fire 
in the proper order and at the de- 
sired time intervals. 

Power is drawn from a standard 
200 to 250-v. line through the 
control stand. The charging volt- 
age may be regulated in 4-kv. steps 
from 30 to 60 kv. In spite of the 
high power used when the X-ray 
tube fires, due to the use of the 
surge generator principle, the power 
drawn from the lines at any time 
is quite small? and extra heavy 
wiring is not required. 

Figure 9 shows an installation of 
two surge generators with the con- 
trol panel and transformer unit 


Fig. 8.—Commercial Surge Generator 
and Tube. 7 Cr 2 
Six condensers are mounted on two levels and : : GENERATORS 
charged in parallel. They are discharged in series : oS oe 
through spark gaps to produce the high voltage ‘ 
and high current surge needed to energize the X- 
ray tubes. 


ponents. The time for complete 
discharge of the condensers through 
the tube is 1 microsecond or less. 
The time delay may be increased 
to any desired value by adding ca- 
pacity or by increasing the value 
of the grid resistance of the thyratron 
T, Fig. 6. By controlling this 
factor, the X-ray tube may be 
energized at any desired time in- 
terval after the phenomenon to be 
radiographed has been initiated. 
For instance, a series of pictures 
showing the passage of a bullet 
down a gun barrel may be made by 
taking successive shots at different 
points in the cycle through varying 
the time constant of the timer. Fig. 9.—A Typical Installation of Two Surge Generators and Control Equipment. 
The condensers are charged by Photograph by Picatinny Arsenal 
a transformer delivering up to 60 
kv. through a pair of rectifier tubes 
mounted in the transformer case. 
This case also contains filament 
transformers, a grounding relay, 
and two grounding resistors. The 
high-tension secondary winding is 
split, with the center tap at ground 
potential. The transformer is pro- 
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Fig. 10.—High-Speed Radiograph of a 
0.22-Caliber Bullet Passing Through a 
Series of Lamp Bulbs. 


January 1948 ASTM BULLETIN (TP35) 63 


Fig. 11.—High-Speed X-Ray Pictures af! 
a 0.22-Caliber Bullet Passing Through: 


Wood Blocks. | 


Note how quickly the fibers of the wood tend to 
close up the hole. 


~ 


have been carried away by the: 
bullet, the lamp bulbs have not; 
yet disintegrated 
Figure 11 shows a series of/ 
pictures of 0.22-caliber bullets: 
passing through similar wood blocks. , 
This series was selected from a: 
number of separate shots and covers | 
the cycle from the time the bullet; 
is just entering the block to the: 
exit of the bullet and the splintering » 
of the block. This is one of the. 
first ballistic pictures made in our 
laboratory and was the means of 
stimulating interest in the ballistice 
possibilities of this apparatus on 
tthe part of Frankford Arsenal which — 
resulted in the development of the 
commercial unit described here. 
The unit has found wide usage in 
a variety of ballistic problems at 
various arsenals. In many of the 
war project applications, there is - 
still a great deal which has not been 
released. The most important prob- 
ably are its application to the 
Fig. 12.—A 0.22-Caliber Bullet Passing Through a Piece of Beef Shin Bone. cavity charge effect, which is the 
This shows the destructive action of the bullet and the pressure produced in the marrow of the bone. principle of the bazooka and. other 


sek a forerunner of the extensive research done on wound mechanism with the high-speed X-ray ma- rocket devices, to the study of the 


as used at Picatinny Arsenal. The 
tubes may be brought quite close 
to each other when it is necessary 
to get successive shots of bullets 
passing down a gun barrel or some 
similar condition. 


APPLICATIONS 


Some of the examples of the use 
of this apparatus which are to follow 
could also have been made by ultra- 
speed light photography by the 
Edgerton flash technique or by 
spark photography. However, even 
when the internal structure of the 
object is not essential, in the 
examples shown, a light picture 
would be so obscured by the smoke 
and bright flash of explosives that 
very little information would be 
obtained. Even such a_ simple 
example as the bullet passing 
through a series of incandescent 
light bulbs (Fig. 10) loses some 
detail due to multiple reflections 
when a light source is used. It is 


: , L (a) High-speed light picture showing (b) High-speed X- i howi 
" pone 7 ee that al thou gh clearly the compression of the ball. ) ee id Cae ee of Ca ie Se  gcrie a 
e stems o e first two lamps Fig. 13.—Golf Club Striking a Ball. 
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schanism of explosives whereby 
is possible for the first time to 
> wave motions, and finally its 
plication to the now famous 
anhattan Project. The Manhat- 
no Project has permitted the 
lowing statement to be made: 
‘his equipment was extensively 
ed in connection with the de- 
lopment of the atomic bomb, the 
act nature of which cannot be 
eased at this time.” 
Figure 12 shows a 0.22-caliber 
llet passing through a piece of 
in bone. This again is a primi- 
e example of the application of 
> high-speed X-ray to wound 
llistics, a study carried on by a 
autiful series of experiments under 
2 direction of Dr. EK. Newton 
vey under a contract between 
»OSRD and Princeton University. 
As an indication of the application 
this apparatus to sports radiog- 
yhy, the next two figures may 
of interest. Figure 13 (a), 
ws a photograph taken by the 
gerton flash technique using 
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visible light of a golf club striking 
a ball. Figure 13 (6) shows a 
corresponding radiograph made with 
the high-speed X-ray tube. Here 
the distortion of the core of the 
ball becomes visible as well as the 
distortion of the outer covering as 
shown in the light picture. 

While the industrial applications 
of the apparatus have not been 
widely explored due to the concen- 
tration of interest on ballistic prob- 
lems and other Government re- 
search programs, including that. 
sponsored by the Manhattan Dis- 
trict, during the war years, Fig. 14 
represents a simple application in 
the industrial field. This is a radio- 
graph of a vacuum cleaner in opera- 
tion and shows the flow lines in the 
cleaner and indicates the air veloci- 
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Fig. 14.—High-Speed Radiograph of; a 

Vacuum Cleaner in Operation, Showing 

the Lines of Flow and Velocities of the. 

Particles in Their Passage Through the. 
Cleaner. 


_ Fig. 15.—Radiograph Showing the Distri~ 
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Fig. 16.—Radiograph Showing the Cause of Failure of a Bad Lot of 37-mm. Armor- 
Piercing Ammunition. 
The armor-piercing cap has become detached from the shell and is broken up before striking the target. 


ties at various points. It is expected 
that such problems as valve motion 
studies, piston motion, and similar 
problems will prove susceptible to 
investigation by this means. 

A great variety of work on small 
caliber ammunition, including in- 
cendiaries and other complex struc- 
tures, has been done by this method 
and much valuable information 
obtained. 


Radiograph by Aberdeen Proving Ground 


An interesting investigation into 
the patterns produced by various 
types of shells and bombs has been 
carried on at Aberdeen Proving 
Center. Figure 15 shows the static 
detonation of a model bomb. 

Figure 16, also from Aberdeen 
Proving Center, shows a radiograph 
taken to determine the reason for 
the failure of some 37-mm. armor- 
piercing ammunition to function 


Fig. 17.—Cavity Produced in a Dog’s Leg by an Ordinary Low- 
Velocity 0.22-Caliber Bullet. 


Photograph by Princeton Univ. 
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Fig. 18.—Large Cavity and Extensivy 
Tissue Destruction Produced by a High 
Velocity Projectile. 


Note that the bone has been fractured althougt: 
not struck by the projectile. 


properly. The radiograph show: 
that the failure to penetrate tha 
armor was due to the fact that th 
armor-piercing cap left. the shel 
shortly after leaving the muzzle 
Later on, the projectile caught uy 
with the cap and shattered it before 
reaching the target. 

The ultra-speed X-ray tube has 
been found to be of great value ix 
investigations dealing withthemech: 
anism of explosives. The propai 
gation of the explosive wave througl! 
the charge has been impossible te 
follow by high-speed photography 
or other previously available meth: 
ods. The use of the high-speec 
X-ray, with its property of “seeing 
through” a light blast or cloud o: 
smoke resulting from the burning 
of an explosive charge, has enabled 
observers to follow the progress o: 
an explosion from ignition to com: 
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x. 19.—A Close-Up View of the Three Oscilloscopes and Their Recording Cameras. 


e scope records the voltage wave, the second the current wave, and the third scope records the to use coaxial connections to the 
tion in the X-ray output during the exposure of less than 1 microsecond. 


ion with considerable detail 
accuracy. 
‘he high-speed X-ray has been 
onsiderable value in the investi- 
on of the wounding mechanism 
xtremely high velocity particles. 
ly in the war, it bad been 
ced that high velocity particles 
o fragmentation bombs and 
sr projectiles could result in ex- 
ive deep tissue destruction al- 
igh only a very small surface 
md was detectable. Some work 
been done in England using 
tin and water phantoms with 
.-speed light photography. Dr. 
Newton Harvey and his group, 
king at Princeton University 
er an OSRD contract, investi- 
1 these phenomena with the 
-speed X-ray apparatus. Two 
he remarkable radiographs ob- 
ed are reproduced here by 
ial permission. 
igure 17 shows the cavity pro- 
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duced in a dog’s leg by a 0.22- 
caliber low-velocity lead _ bullet. 
Contrasted to this is Fig. 18, which 
shows the much larger cavity with 
extensive tissue destruction and 
fracture of the bone (which was not 
struck), produced by a high velocity 
projectile. 


ANALYZING EquipMENT 


In the development of this tube 
and generator, a fuller understand- 
ing of the functioning of the tube 
than could be obtained by visual 
or photographic means was desired. 
Therefore, an investigation of the 
current through the tube, the volt- 
age impressed on the tube, and the 
resultant X-rays was undertaken. 
Three oscilloscopes, with the neces- 
sary amplifiers, and _ ionization 
chamber were set up in a specially 
constructed double shielded room 
adjacent to a second shielded room 
containing an experimental surge 
generator and high-speed X-ray 
tube. The oscilloscopes were so 
arranged that simultaneous records 
of the current, voltage, and X-ray 
output could be photographed. Due 
to the tremendous fields set up 
when the surge generator dis- 
charged, it was necessary to install 
the shielding referred to above and 
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Fig. 20.—A Block Circuit Diagram of the Experimental Surge Generator 
Unit and Associated Oscillographic Equipment. 
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oscilloscopes and voltage dividing 
units. Figure 19 is a closeup view 
of the oscilloscopes showing the re- 
cording cameras. Figure 20 is a 
block diagram showing the circuit 
arrangement. 
Typical simultaneous _ oscillo- 
grams obtained on this setup are 
shown in Fig. 21. It is of interest 
to note the extremely sharp rise in 
the voltage curve and the fidelity 
with which the X-ray output curve 
follows the voltage curve, falling 
off very rapidly as the voltage falls, 
although considerable current may 
still be passing at low voltage. 
Studies such as these permit more 
thorough understanding of the func- 
tioning of the tube and indicate the 
steps necessary for improvement. 


CONCLUSIONS 


From the foregoing examples, 
one may conclude that the high- 
speed X-ray apparatus is applicable 
to the investigation of a wide 
variety of problems in the medical, 
ballistic, and industrial fields. One 
of the most recent proposals is the 
investigation of the effect of the 
tremendous forces to which the 
body is subjected while being 
ejected from airplanes. The effect of 
the high accelerations necessary to 
accomplish this in the faster types 
of aircraft in use now and projected 
for the future is quite serious and it 
is hoped that the X-ray investiga- 
tion will help to overcome the 
difficulties. Sudden decelerations 
produced by crash landings are 
also subjects for study by this 
method. 
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Fig. 21.—A Typical Set of Oscillograms. 


The top curve shows the variation of voltage during the exposure time. 
The second curve shows the variation in X-ray output which follows the voltage 
closely, and the lower curve shows the shape of the current wave. 
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I. JANUARY of 1942, 
here was delivered to the Labora- 
ory Division of Frankford Arsenal 
he first unit of the present form 
wf the high-speed X-ray equipment. 
The specification set up by Frank- 
ord Arsenal for the penetration of 
mn inch of steel with exposures in 
the order of a millionth of a second 
1ad been met by the newly de- 
veloped equipment so that these 
swo factors were known. Also 
imited experience had been ob- 
fained with Dr. Slack’s experimental 
squipment in the technique to be 
smployed with this new ‘‘tool.” 
With this rather meager backlog 
me could, at best, only conjecture 
4s to the ultimate uses to which 
this equipment would be applied. 

The first problem investigated at 
Frankford Arsenal was the study 
of what happens to a bullet when 
it strikes a piece of armor. Ordinary 
photographic methods, including 
high-speed photography, run into 
the difficulty of having the actual 
penetration obscured by luminous 
fragments thrown back at the time 
of impact. This difficulty is, of 
course, not present in the case of 
X-rays. This study was carried 
out with caliber 0.30 jacketed 
yrmor-piercing bullets. The high- 
speed X-ray pictures showed the 
ow of the jacket material and the 
oreaking up of the core as the bullets 
penetrated the armor. Subsequent 
work has indicated that this type 
of work could safely be carried out 
with 20-mm. shell or possibly even 
arger shell. With the larger shell 
. great deal of information could 
9e obtained concerning the behavior 
wf the windshield and the piercing 
sap and the failure of the body 
“ither by bending or shatter. 


YOTE.—DISCUSSION OF THIS PAPER IS 
NVITED, either for publication or for the at- 
ention of ‘the author. Address all communica- 
ions to A.S.T.M. Headquarters, 1916 Race St., 
Philadelphia 3, Pa. 

* Presented at a Symposium on Ultra High 
Byare Radiography sponsored jointly by 
\.S.T.M. Committee E-7 on Radiography and 
he American Industrial Radium and X-ray 
eats held in Cleveland, Ohio, February 8, 
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Fig. 1.—High-Speed X-Ray Pictures Taken Through a Caliber 0.50 Barrel Showing the 
Failure of the Bullet Inside the Bore of the Gun. 


(a) Nose of jacket has broken open. 


(b) Core is being blown through the jacket. 


(c) Core has been blown ahead of the jacket. 


The equipment is pre-eminently 
fitted to study the motion of inter- 
nal mechanisms. In ballistics, for 
example, no other means is available 
for taking a picture of a bullet as 
it passes down the bore of a gun. 
Figure 1 shows high speed X-ray 
pictures taken through a caliber 
0.50 barrel. The bullet jacket has 
failed and the steel core has been 
forced ahead of the jacket. Studies 
of this nature have not only shown 
the manner of failure but also 
indicated the cause of the failure as 
well. The effects of changes in 
the manufacture. and assembly of 
the bullets were then followed by 
means of similar pictures. The 
motion of the piston in the gas 
cylinder on a Garand rifle is shown 
on Fig. 2. These high-speed X-ray 
pictures show the displacement of 
the piston in the cylinder at given 
times after the muzzle exit of the 
bullet. They also reveal the 
manner in which the operating rod 
spring is compressed. 
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The jacket has collapsed. 


Studies have also been made of. 
the realignment of component parts 
inside the projectile when it is 
fired. A stationary radiograph is 
first taken. The projectile is then 
fired and a high-speed X-ray picture 
is taken of the projectile in flight. 
The two radiographs are then com- 
pared to determine whether any 
realignment has taken place. Figure 
3 illustrates this procedure as ap- 
plied to an experimental 15-mm. 
incendiary bullet. The incendiary 


* powder has “‘set back” as a result 


of the firing and also it has assumed 
a concave bounding surface due to 
the spin of the bullet. 

When an incendiary bullet func- 
tions, a bright flame completely 
surrounds the bullet and prevents 
it from being photographed. How- 
ever, with the high-speed X-ray 
equipment it has now been possible 
to take X-ray pictures which show 
what is happening to the bullet 
inside the enveloping flame. In 
this manner it was possible to study 
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121 INCHES 


Fig. 2.—High-Speed X-Ray Pictures of the Garand Rifle Showing Motion of the Piston and Compression of the Operating Rod Spring. 


the stripping of the jacket when the 
incendiary bullet was fired through 
the duralumin skin of a plane. 
Occasionally, the incendiary bullet 
will fail and function at the muzzle 
of the gun, A photograph of the 
bright flash of the muzzle burst, 
as it is termed, is shown in Fig. 4. 
The appearance of the incendiary 
bullet inside the bright flame is 
shown on the corresponding high- 
speed X-ray picture (Fig. 4). 
These high-speed X-ray pictures 
revealed the details of the bullet 
failure and assisted in correcting 
the trouble. 

~The explosion of 20-mm. high 
explosive shell has been studied by 
means of high-speed X-ray pictures. 
The shells were fired through steel 
plates and high-speed X-ray pic- 
tures were taken at the instant of 
impact and at subsequent stages 
of the explosion process. The force 
of the explosion was so violent 
that it was necessary to place a 
steel plate + in. thick over the 
cassette in order to protect it. A 
new protection plate was required 
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after each shot. A series of repre- 
sentative pictures showing the man- 
ner in which the 20-mm. shell 
explodes are shown in Fig. 5. Each 
picture is of a different shell taken 
at a different stage of the explosion 
process. 

The high-speed X-ray studies 
have been mainly carried out in a 
room of the following dimensions, 
40 ft. long, 20 ft. wide, and 12 ft. 
high. Since the bullets and explo- 
sive shell were fired in the same room 
where the X-ray equipment was 


located, it was necessary to provide - 
adequate protection from flying 
fragments for the equipment. The 
setup used to obtain the high-speed 
X-ray pictures of the functioning of 
the 20-mm. high explosive incendiary 
shell is shown in Fig. 6. The hori- 
zontal tube is suspended from the 
ceiling and is connected to the 
surge generator by means of copper 
tubing. No trouble has been en- 
countered in piping the high voltage 
around and wide flexibility in the 
positioning of the tube is obtained. 


Fig. 3.- “High-Speed X-Ray Study 0 of the seeatigead of Coaienent Parts Inside a isa 
mm. Incendiary Bullet When It Is Fired. 


Top——Conyentional X-ray of stationary bullet. 
Bottom—High-speed : X-ray of bullet in flight. 
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‘he vertical tube is connected 
irectly to the second surge gen- 
cator and was used to take a mu- 
lally perpendicular X-ray picture. 
he two X-ray pictures were taken 
ther simultaneously or in sequence. 
‘he fragment protection enclosure 
| lined with 4-in. steel plates and 
iced with removable plywood. 
Vindows cut in the steel plates for 
ae X-rays were covered with 
sveral pieces of $-in. thick dural. 
‘he shell fragments after passing 
arough the steel target were 
sopped by a piece of armor plate 
aced 2 ft. beyond the target. 
fter aligning the target plate, 
Im cassette, and X-ray tubes, the 
faim. cannon was loaded and the 
ersonnel left the room. The surge 
enerators were charged from con- 
rols located outside the firing 
ange. When the generators were 
ally charged, the projectile was 
red. An electrical circuit was 
roken when the shell hit the target 
late and this triggered a timing 
nit which was adjusted to fire 
he surge generators at given inter- 
als after impact. 

~The equipment itself has been 
omparatively trouble free. The 


urge generator requires an occa- 


* 


ig. 4. _High- Speed X-Ray Study of an Occasional Failure Experienced with Incendiary 


(a) The nose of the shell has passed through 
the plate. There has been no shift of the deto- 
nating parts of the fuze. Approximately 20 
millionths of a second after impact. 


(6) The shell has started to swell in the region 
of the bourrelet. The booster has not yet deto- 
nated. 

(c) The shell has swelled more than the shell 
pictured above. The maximum swelling is still 
in the region of the bourrelet. The booster has 
detonated. The ring of petals about the shell 
can be seen. Approximately 35 millionths of 
a second after impact. 

(d) The shell body has swelled to almost 
twice normal diameter. The petals have con- 
strained the bourrelet region of the shell from 
swelling as rapidly as the body of the shell. The 
base of. the shell has swelled very little. 

(e) The shell has ruptured. The base of the 
shell is starting to mushroom out. The con- 
straining influence of the petals is evident. 
Approximately 60 millionths of a second after 
impact, 


(f) The base of the shell has mushroomed out 
even further. The nose and some of the shell 
fragments have passed out of the constraining 
influence of the petals. 


(g) The fragments of the base of the shell 
are passing through the hole. The petals have 
curled back to produce a hole approximately 
23 in. in diameter. Approximately 100 
millionths of a second after impact. 


(h) The shell fragments are almost all com- 
pletely through the plate. The petals have con- 
tinued to curl back to produce a hole approxi- 
mately 5 in. in diameter. 


Fig. 5.—High-Speed X-Ray Pictures of the 

Functioning of 20-mm. High Explosive In- 

cendiary Shell When Fired Through a j-in. 

Steel Plate Placed Normal to the Line of 
Fire. 


PHOTOGRAP 


HIGH SPEED X-RAY PICTURE OF THE MUZZLE BURST 


Bullets. 


The bullet functioned prematurely and burst at the muzzle of the gun. 
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sional dusting and once in a great 
while the sphere gaps must be re- 
adjusted. The transformer rectifier 
unit has required no attention and, 
the control unit has only required 
the replacement of a set of breaker 
points on a relay. The tubes have 
held up remarkably well considering 
the fact that they are in the same 
room where the gun is fired. To 
date 4500 exposures have been 
taken. The surge generators, de- 
spite their large size (7 ft. long by 
30 in. wide by 63 ft. high), can be 
maneuvered with little difficulty 
by two people. The equipment is 
fairly portable. In connection with 
the development of a 75-mm. re- 
coil-less rifle carried out by this 
Arsenal, a problem arose which 
necessitated the use of high-speed 
X-rays. The surge _ generator, 
charging unit, and control unit 
were moved out of doors and set 
up for an extended period of time 
and functioned satisfactorily. 

As to what uses the technique of 
high-speed radiography will have 
in the postwar period, it is difficult 
to say. The method should be 
useful in studying the motion of 
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internal mechanisms, such as valve 
components, enclosed springs, etc. 
It might be possible to take high- 
speed X-ray pictures of castings 
being poured. Pictures which show 
the manner in which the metal 
flows into the form should assist 
in the development of better casting 
techniques. The preceding illustra- 
tions cover in general the various 
applications that have been made 
with the high-speed X-ray equip- 
ment at Frankford Arsenal. They 
show what has been done with the 
equipment and it is hoped that 
they will enable industry better to 
evaluate the usefulness of the tech- 
nique as applied to their particular 
problems. 

Fig. 6.—Experimental Setup Used to Take 
the High-Speed X-Ray Pictures of the 
Functioning of the 20-mm. High Explosive 
Incendiary Shell When Fired Through the 
4 in. Steel Plate Placed Normal to the 


Line of Fire. 
1—X-ray tubes. 


2—Window in }-in. steel plate, other side frag- - 


ment protection removed. 

38—Steel protection plate placed over the film 
cassette. 

4—Film cassette. 

5—Holder for vertical X-ray cassette. 

6—Steel target plate. 


The Gloss Measurement of Paint Finishes 


* * 


Report and Recommendation on Tentative Method of Test for Specular Gloss of Paint 
Finishes (D 523-44 T)' by Subcommittee X on Optical Properties, of Committee 


D-1 on Paint, Varnish, Lacquer, and Related Products 


De the past 
ten years, gloss measurement has 
become an established test proced- 
ure in the paint industry. This 
test procedure was first introduced 
through the efforts of A.S.T.M. 
Committee D-1 on Paint, Varnish, 
Lacquer and Related Products. 
Measurements of gloss are now used 
to classify paints as either flat, 
eggshell, high gloss, or in one of the 
two intermediate ranges between 
these three common gloss classes. 
Gloss measurements are also used 
to evaluate small differences in 
shininess between surfaces that are 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the 
attention of the gee Address all com- 
munications to A. ee p Mandauartens, 1916 
Race St., Philadelphia 3) 

1 1946" Book of A.S.T. we "Standards, Part II, 
Pp. 
a Henry A. Gardner Laboratory, Inc., Bethesda, 
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By Richard S. Hunter’ 


otherwise identical in appearance. 

The following report describes the 
introduction, use, and _ possible 
future development of A.S.T.M. 
Method D 523 for the specular 
gloss of paint finishes. The author 
was asked by Subcommittee X of 
Committee D-1 to prepare this 
report during its meeting in Buf- 
falo, N. Y., June, 1946. Discus- 
sion at this meeting brought out 
the fact that Method D 523 is 
now widely used but that experi- 
ence with it is not altogether satis- 
factory. It was felt that the pres- 
ent is a proper time to survey the 
gloss-measurement problem in the 
paint field and to develop a better, 
more reliable method of gloss meas- 
urement. The present report is 
the start of such a survey. 


ASTM BULLETIN 


Events LEADING TO THE DEVELOP: 
MENT OF MopErRN D 523 


Members of Committee D-1 have: 
been actively interested in the gloss 
problem since at least 1933. Ine 
that year M. Rea Paul conducted! 
a survey for Subcommittee XVIII 
on Physical Properties of Materials: 
to determine industrial interest ins 
gloss. He found this interest to be: 
considerable. In the following years: 
Mr. Paul repeatedly arranged for: 
cooperation between paint labora-- 
tories cognizant of the need for: 
gloss measurement and physicists: 
familiar with the measurement prob-- 
lems involved. Thus in 1936 A. H., 
Pfund of Johns Hopkins University? 
cooperated with Mr. Paul and his: 
group. 
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Mr. Pfund at that time had a 


yssmeter® specially suited to the 
sasurement of panels bent in a 
lindrical shape. The angle at 
1ich specular gloss was measured 
Mr. Pfund’s instrument could be 
dily adjusted. He examined a 
mber of paint panels submitted by 
oratories. Each of the labora- 
ies that cooperated prepared one 
nel it considered tohave high gloss, 
other considered to have eggshell 
ss, and a third considered matte 
flat. Mr. Pfund measured these 
nels for specular gloss at a num- 
r of angles and found that gloss 
dings at 60 deg. were best for 
arating the three groups of 
nels into distinct classes accord- 
to visual ratings by the labora- 
ries. 

In the following two years, es- 
tially the same experiments were 
peated by Hunter and Judd‘ 
o confirmed Pfund’s finding that 
easurements of specular reflection 
60 deg. gave the best separation 
panels. Hunter and Judd also 
ried field angles and came to the 
mclusion that a practical method, 
litable for classifying paint finishes 
scording to specular gloss, would 
> a 60-deg. measurement in which 
ie source and receptor field angles 
ttaled about 5 by*12 deg. The 
raft of a suggested A.S.T.M. test 
as included in the Hunter and 
idd report. 


XPERIENCE witH Meruop D 523 


A.S.T.M. Tentative Method for 
pecular Gloss of Paint Finishes 
D 523-39 T)> was essentially the 
vethod given in Hunter and Judd’s 
sport. By 1941 there had been 
yme experience with the new gloss 
ast. It was recognized then that 
1e receptor field angle was an im- 
ortant beam-spread dimension. 
ecordingly the 1939 method was 
tered to call for measurements 
f specular gloss at 60 deg. with a 
ceptor field angle 4.4 by 11.7 deg. 
hese particular dimensions were 
nose used in the goniophotometer 
mployed by Hunter and Judd in 
939. 


3 3A. 1 Pfund, ‘‘The Measurement of Gloss,” 
Pal. Optical Soc. Am., Vol. 20, p. 23 (1930). 
4 Richard §. Hunter and Deane B. Judd, 
Yevelopment of a Method of Classifying Paints 
ecording to ea ? ASTM Buuuetin, No. 97, 
arch, 1939, 

5 1939 Hook: ue ae §.T.M. Standards, Part II, 
55. 


anuary 1948 


In 1940, Wetlaufer and Scotté 
described a refined method for the 
specular-gloss measurement of paint 
finishes. They showed that gonio- 
photometric curves give more data 
about physical factors responsible 
for glossiness than do mere one- 
shot determinations of specular 
gloss. For one-shot determinations 
however, they showed that better 
gloss separation of paint materials 
is obtained when different geometric 
conditions of measurement are used 
in the different gloss ranges. Thus, 
a reflecting angle of 45 deg. and 
very small field angles gave good 
separation of high-gloss finishes. 
With less glossy finishes, however, 
angles of 60 and 70 deg. were 
recommended. Narrow field angles, 
which necessitated the use of plate 
glass panels to obtain flatness, were 
recommended. 

In 1941, the method of specular 
gloss measurement proposed by 
Wetlaufer and Scott was added to 
Method D 523.7. To distinguish it 
from the method of Hunter and 
Judd, it was designated Procedure 
B, and the old 60-deg. method was 
designated Procedure A. In Method 
D 523-41 T, it was indicated that 
Procedure A was. suitable for classi- 
fying paint finishes according to 
gloss, but that Procedure B was 
superior for the gloss measurement 
of finishes, particularly when these 
finishes were in the high- and low- 
gloss ranges. 

Procedure B was written around 
measurements made with a gonio- 
photometer that had been designed 
by Scott. The American Instru- 
ment Co. sold a few of these gonio- 
photometers before the war but 
discontinued their manufacture dur- 
ing the war period. 

The Hunter-Judd method was 
developed from measurements made 
with the McNicholas goniophotom- 
eter, but in Method D 523- 
39 T plans for a simpler 60-deg. 
glossmeter were shown. The Henry 
A. Gardner Laboratory, assisted by 
Hunter, designed a 60-deg. gloss- 


6 L. A. Wetlaufer and W. E. Scott, ‘‘The Meas- 
urement of Gloss,’ Industrial and Engineering 
Chemsetry, Anal. Ed., Vol. 12, p. 647 pee 

71941 Supplement to Book of A.S 
Standards, Part II, p. 401. 

Onis Bp aif McNicholas, “Equipment for Measur- 
ing the Reflective and Transmissive Properties 
of Diffusing Media,’’ Journal of Research, Nat. 
Bureau Standards, Vol. 13, August, 1934, p. 
211. (RP 704) 
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meter which was like that illus- 
trated in Method D 523-39 T, ex- 
cepting that a flashlight lamp and 
reflector were used in lieu of the 100- 
watt projection lamp and _ lens. 
Within the past two or three years 
the Photovolt Corp. has also de- 
veloped a 60-deg. glossmeter in- 
tended for measurements according 
to the Hunter-Judd method. 

Of the two procedures given in 
A.S.T.M. Method D 523-41 T, 
Procedure A has enjoyed by far 
the wider use. Only a few of the 
Scott goniophotometers for pro- 
cedure B were sold. The procedure 
is complicated by the fact that 
there are three numerical scales for 
gloss—one for the high-gloss range, 
one for the eggshell range, and 
another for the flat range. The 
Hunter-Judd method, on the other 
hand, has been widely used. With 
war, the attention of paint tech- 
nologists turned to low-gloss camou- 
flage finishes. Procedure A_ of 
Method D 523-41 T was widely 
used as a method of specifying and 
measuring gloss of these finishes. 

In spite of its widespread use in 
the paint and finishes industry, 
experience with the Hunter-Judd 
method of gloss measurement has 
not been too satisfactory. It has 
proved difficult to obtain agreement 
among gloss results from different 
laboratories and different, but sup- 
posedly identical, glossmeters. Users 
of glossmeters have learned that it 
is easy for their instruments to 
get out of adjustment. With the 
60-deg. glossmeter sold by the 
Gardner Laboratory, positioning of 
the flashlight lamp with respect to 
the reflector is critical. When a 
lamp burns out, or when the relative 
positions of lamp and _ reflector 
change for any reason, readjust- 
ment of a Gardner 60-deg. gloss- 
meter is frequently difficult. If 
the instrument is not properly 
focused, its results may be seriously 
in error. 

Within the past two or three 
years, measurements of specular 
gloss following the Hunter-Judd pro- 
cedure have improved in reliability. 
The users of glossmeters are now 
generally familiar with the impor- 
tance of proper optical adjustment 
of their instruments. The National 
Bureau of Standards has calibrated 
and sold sets of low-gloss standards 
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which have been widely used. There 
are also calibrated standards of in- 
termediate gloss such as are now sold 
by the Gardner Laboratory to im- 
prove the reliability of gloss meas- 
urements. Last year the Gardner 
Laboratory changed the design of 
its 60-deg. glossmeter to one in 
which positions of reflector and 
lamp may be more easily adjusted. 
Old Gardner glossmeters can be 
altered to include the new adjusting 
devices. 


Widespread use of the Judd- 
Hunter method of gloss measure- 
ment has continued in the postwar 
period. Technologists in the paint 
and protective coatings field are 
generally familiar with the numeri- 
cal scale in which values higher 
than about 70 refer to surfaces of 
high gloss, those from about 6 to 
30 refer to eggshell finishes, while 
those below 2 or 3 refer to matte sur- 
faces almost completely lacking in 
gloss. 


In 1944, a third procedure, desig- 
nated Procedure C, was added to 
Method D 528. In the foregoing 
paragraphs, the author has spoken 
of the ‘‘Hunter-Judd procedure for 
gloss measurement” rather than 
Procedure A of Method D 523- 
41 'T. Most of the published refer- 
ences to this test procedure identi- 
fied it as Procedure A, Method D 
523-41 T, but in practice, low-gloss 
measurements were seldom made in 
exact accord with the published 
procedure. 


As published in 1941, Procedure 
A contained a requirement that low 
readings of specular gloss must 
always be corrected (diminished) 
by an amount that would compen- 
sate for the diffuse reflectance of 
the specimen under test. This cor- 
rection amounts to 2.5 times the 
diffuse reflectance of the test speci- 
men, or about 2 for an 80 per cent 
white, and 0.5 for a 20 per cent 
gray. 

Neither the Gardner nor the 
Photovolt 60-deg. glossmeter is pro- 
vided with means for determining 
the amount of this correction, and, 
so far as the author knows, none of 
the persons supposedly following 
Procedure A has bothered to make 
the intended correction. The cor- 
rection is always small, and in most 
cases, unimportant. In 1944, there- 
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fore, a Procedure C was added to 
Method D 523 to give published ap- 
proval to existing practice. 
cedure C is identical to Procedure 
A except that no correction is made 
for diffuse reflectance. 


RECOMMENDED REVISION OF 
Meruop D 523 


The scale of specular gloss de- 
scribed by Hunter and Judd and 
now represented by Procedure C of 
Method D 523-44 T is known 
throughout the paint industry. 
Many workers have used it. Some 
have used it successfully but others 
have obtained and reported er- 
roneous results. These errors are 
not to be attributed to inaccuracy 
of the published method, excepting 
perhaps to failure of the published 
method to emphasize and explain in 
detail the importance of proper op- 
tical adjustments. The errors are 
to be attributed to the difficulty of 
adjusting instruments and to the 
failure of workers to appreciate the 
importance of proper adjustment. 

Instruments have been and are 
now being improved. Workers now 
appreciate the need for careful 
adjusting of instruments and fre- 
quent checking with gloss standards 
similar to the samples being meas- 
ured. There seems ample justifica- 
tion for retaining this now familiar 
gloss scale. It has proved useful 
both in classifying paint finishes 
for gloss—which it was originally 
designed to do—and in giving 
numerical ratings that differentiate 
the gloss finishes having otherwise 
identical appearance, provided these 
finishes are in the intermediate, 
eggshell, or low-gloss ranges. 

On the other hand, it would 
seem advantageous to separate Pro- 
cedure B with its three numerical 
scales from Method D 523. This 
latter procedure has enjoyed rela- 
tively little use and seems unneces- 
sarily to complicate the published 
gloss test. It is the author’s feel- 
ing that Method D 523 should be 
limited in scope to essentially a 
simple method for the gloss clas- 
sification of paint finishes. 

The Aminco-Scott goniophotom- 
eter, around which Procedure B 
was written, is a goniophotometer 
that will measure directional re- 
flectance under many different sets 
of geometric conditions. Among 
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Pro- - 


“it is recommended that numerical 


} 
these are those for the single slot 
scale recommended below; thus 
the Aminco-Scott goniophotometer 
is an acceptable glossmeter accord- 
ing to the following recommended | 
revision of Method D 523. 

The proposed new method has 
been written as a single test pro- 
cedure. In the matter of correction 
for diffuse reflectance, which now 
differentiates Procedures A and C,| 


values of gloss carry the designa-* 
tion ‘‘with diffuse correction” when- 
ever such a correction has been ap- 
plied. With measurements used 
to classify surfaces according té 
gloss, diffuse corrections are re- 
quired at the lower end of the gloss 
scale. This must be done if visual 
appraisals of gloss are to be int 
accord with numerical values. 

One further change of note has 
been made in the recommended 
method. The receptor window or: 
field stop is circular in shape instead 
of rectangular: The present win-- 
dow, measuring 11.7 by 4.4 deg., 
has an odd size of no significance 
except that it happened to be the 
size of the window used by Hunter: 
and Judd. A round window has at: 
least two advantages: it can be: 
easily reamed to specified dimen- 
sions, which should be accurate to 
+0.005 in. and it is less likely to 
introduce vignetting (interception - 
of rays that should register). A. 
round window 8 deg. in diameter ° 
has a solid angular area only 2 per’ 
cent less than that of the present: 
11.7 by 4.4-deg. window. 

A change at this time to a round. 
window 8 deg. in diameter should . 
cause no significant change in the 
existing numerical scale of gloss. 
Few measurements made to date. 
have possessed the accuracy which. 
would be required to differentiate 
measurements made with the pres- 
ent rectangular window from those 
with the proposed round window. 
Since provision can probably be 
made in all existing glossmeters to 
change round windows for the 
present rectangular openings, it is. 
felt that this recommended change 
will work no hardship. 

Provision is made in the specifica- 
tion for designating as “equivalent. 
glossmeters” the existing instru- 
ments which are not built to speci- 
fication dimensions but which are 
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djusted by trial and error to give 
ssentially the same results as the 
secified instruments on most 
amples. It is believed that most 
f the glossmeters now marketed 
re merely built to approximate 
decification dimensions and then 
djusted by trial and error to give 
orrect readings on certain cali- 
rated gloss standards. Moreover, 

is apparently not possible to 
djust these instruments in any 
her way because of the vignetting 
nd lack of receptor light diffusors 
ithem. With any of these instru- 
ients adjusted by trial and error, 
here will always be the possibility 
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1. This method of test may be used: 
1) to classify paint finishes as either 
eggshell, flat, or intermediate in 
loss, or (b) to intercompare paint finishes 
1 the eggshell and lower gloss ranges 
then these finishes are identical in appear- 
nce except for small differences in shini- 
ess. 

_Norre.—More than one measurement 
. is required to evaluate all the im- 
ortant gloss characteristics of paint 
mishes. Thus, a value of specular gloss 
oes not measure the capacity of a surface 
o reflect sharp and distinct images, yet 
apacity to reflect sharp and distinct im- 
ges is the major factor in gloss evalua- 
ions of many paint finishes. Factors 
ometimes affecting the gloss ratings of 
aint finishes are defined and discussed in 
\ppendixes I and II, respectively, of the 
resent Tentative Method of Test for 
ypecular Gloss of Paint Finishes (A.S.T.M. 
Jesignation: D 523 - 44 T).1 


definition 

2. Specular Gloss.—Specular gloss, for 
he purpose of this method, is defined as 
ne thousand times the 60-deg. specular 
eflectance of a sample measured with 


pparatus having the illuminating and 
jewing beams specified in Section 3. 


\pparatus 


3. (a) The apparatus shall consist of 
light source giving an incident beam of 
ays, means for locating the surface of the 
ample, and a receptor located to receive 
ertain rays reflected by the sample. 
‘hese three parts shall be combined in 
_ rugged instrument of one of the two 
ypes illustrated in Figs. 1 and 2. 

(b) Geometric Conditions.—The axes of 
he incident and reflected beams shall 


11946 Book of A.S.T.M. Standards, Part II, 
1587. 
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that samples exist on which they 
do not give accurate gloss values 
because of geometric patterns of 
reflection distribution importantly 
different from those of the gloss 
standards used in calibrating the 
instruments. 

In the proposed revision of 
Method D 523, an attempt has been 
made to clarify a number of points 
that have previously caused con- 
fusion. In spite of these clarifying 
and other changes, the revision is 
essentially the Hunter-Judd method 
for measuring specular gloss and 
classifying paint finishes first pub- 


each be 60 deg. from a perpendicular to 
the test surface, and the axis of the re- 
flected beam shall be the direction of 
mirror reflection of the axis of the incident 
beam. With a mirror in sample position, 
an image of the source shall be formed at 
the center of the receptor field stop. The 
angular diameter of the source measured 


lished as an A.S.T.M. Tentative in 
1939. 

It may be pointed out in closing 
this discussion that all the prob- 
lems of gloss testing will not be 
solved with the completion of 
Method D 523. A standard method 
for obtaining goniophotometric 
curves is badly needed. So is a 
method for grading shiny, high- 
gloss surfaces for distinctness-of- 
image gloss. Methods of test for 
sheen, contrast gloss, and bloom 
may also be needed. For the pres- 
ent it can be said that the field of 
gloss measurement has only been 
scratched. 


PROPOSED REVISED TENTATIVE METHOD OF TEST FOR 
SPECULAR GLOSS OF PAINT FINISHES (D 523-44 T) 


from the center of the projecting lens 
shall be no more than 2 deg. The re- 
ceptor field stop shall be round and shall 
measure 8+0.05 deg. in diameter. 

Nore 1.—The foregoing angles deter- 
mine the extents to which rays in the 
incident and viewing beams may spread 
from the principal rays (those from center 


Fig. 1.—Collimated-Beam Type of Glossmeter. 


Fig. 2.—Converging-Beam Type of Glossmeter. 
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of source to center of receptor window) 
and still register as specularly reflected 
light. Angular size of the source is meas- 
ured from the projecting lens; angular 
size of the receptor window (field stop) 
is measured from the test surface in a 
converging-beam type of instrument and 
from the center of the receptor collimat- 
ing lens in a collimated-beam type of 
instrument. If, for example, the pro- 
jecting lens is 5 cm. from the source, the 
projected luminous area of the source 
must not measure more than 5 sin 2 deg., 
or 0.17 cm. in diameter. Similarly a 
receptor window 10 cm. from the center 
of the sample in a converging-beam in- 
strument must measure 10 sin 8 + 0.05 
deg., or 1.892 += 0.009 cm. (0.548 + 
0.004 in.). 

(c) Vignetting—There shall be no 
vignetting or interception by stops or 
diaphragms of rays supposed to register. 
That is, all rays shall register at the re- 
ceptor if they pass the projecting lens or 
other aperture stop and travel paths to 
and from the sample that deviate from the 
paths of the principal rays by no more 
than half the corresponding field angles 
in the previous paragraph. 

(da) Spectral Conditions —The instru- 
ment shall give results not significantly 
different from those that would be given 
if its source were the standard illuminant 
C recommended by the International 
Commission on Illumination (I.C.I.) and 
its receptor had the spectral response of 
the I.C.I. luminosity function. 

Nore 2.—Since specular reflection by 
nonmetals is in general spectrally non- 
selective, it has proved unnecessary in 


practice to require close duplication of: 


specified spectral conditions. Measure- 
ments made with an incandescent lamp as 
source and a barrier-layer photocell as 
receptor generally require no spectral cor- 
rection. 

(e) Measurement Mechanism.—The re- 
ceptor-measurement mechanism, such as 
photocell and electric meter, shall give 
a numerical indication that is proportional 
to amount of light passing» the receptor 
window within plus or minus 1 per cent. 

Nore 3.—It is generally necessary to 
employ some diffusor between the receptor 
window and the photocell to avoid non- 
uniform weighting of accepted rays re- 
sulting from nonuniform response of the 
sensitive area of the average photocell. 

(f) Equivalent Glossmeters.—If a 60- 
deg. glossmeter can be adjusted by trial 
and error to ‘give approximately correct 
values of specular gloss, but, neverthe- 
less, suffers from vignetting, lack of dif- 
fusing mechanism, or other defect so that 


it does not meet the requirements pre-. 


scribed in Paragraphs (a) to (c), it may 
be designated an “equivalent glossmeter.”’ 
Although such an instrument may be 
adjusted by trial and error to give correct 
numerical values for various working 
standards of gloss, it cannot be guaran- 
teed that this instrument will give ac- 
curate values of .specular gloss on all 
samples tested. Such an instrument is, 
nevertheless, useful for gloss measure- 
ments of types of paint finishes on which 
it has been proved reliable. 
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Nore 4.—Most 60-deg. glossmeters 
built prior to 1947 must be designated 
“equivalent glossmeters” because of vig- 


‘netting, lack of receptor light-diffusing 


mechanism, and other defects. 


Specular Gloss Standards 


4, (a) The fundamental specular gloss 
standard shall be the ideal, completely 
reflecting, perfect mirror which is assigned 
a value of 1000. 

(b) Specular gloss working standards 
may be highly polished, plane, black- 
glass surfaces for which the reflectance 
may be calculated as a function of angle 
of incidence and refractive index by using 
Fresnel’s equation. Polished black glass 
with a refractive index of 1.52 has a 
specular gloss of 92.5 on this scale. Sur- 
faces of liquids may also be used.? 

(c) Intermediate and low-gloss stand- 
ards of ceramic tile, ground opaque glass, 
emery paper, and other semigloss ma- 
terial having hard and uniform surfaces 
are suitable working standards of inter- 
mediate gloss when calibrated against a 
polished black glass or liquid on a gloss- 
meter known to be in accurate adjust- 
ment. All such intermediate standards 
should be checked from time to time for 
constancy of gloss value because contami- 
nations by dirt and filmy deposits fre- 
quently cause unsuspected changes in 
gloss values. 


Preparation and Selection of Samples 


5. (a) This test procedure does not 
cover the preparation of paint surfaces. 
There are many factors involved in the 
preparation of paint finishes that have an 
important bearing on gloss. Thus, when- 
ever a test for gloss requires the prepara- 
tion of a test surface from a paint or other 
material in liquid form, consideration 
must be given to the matter of sample 
preparation. It should be noted that 
washing or rubbing may change the gloss 
characteristics of a test surface signifi- 
cantly. 

(b) Only surfaces of good planarity 
should be tested according to this method. 
Surface warpage, waviness, or curvature 
may affect test results importantly. The 
directions of any brush marks or similar 
texture effects should be parallel to the 
plane of the axes of the two beams. 


Method of Measurement 


6. (a) The glossmeter shall be oper- 
ated according to any instructions of the 
maker for power supply, warm-up period, 
dust-free atmosphere, temperature, hu- 
midity, and darkness surroundings. 

(b) Settings on a standard shall be 
made at the start and completion of every 
period of glossmeter operation and at 
intervals during this operation sufficiently 
frequent to assure that the instrument 
response is practically constant. 

(c) At least three portions of the sur- 
face of the test specimen shall be meas- 
ured to give an indication of the degree 


2D. G. Moore and R. 8S. Hunter, ‘‘Use of 
Liquid Surfaces as Standards of Specular Gloss,” 
ive Am. Ceramic Soc., Vol. 24, p. 167 


ASTM BULLETIN 


of surface uniformity and provide 
average that is typical of the surface, 4 
If any portion of the test surface differs 
from the average in specular gloss by 
more than 5 per cent of this average, the 
fact shall be noted in reporting results. | 


Diffuse Correction 


7. (a) All readings taken for the 
purpose of classifying finishes according 
to gloss shall be corrected for diffuse re- 
flectance of the surfaces if they are initially 
less than 15. 

(b) Readings taken for any other pur. - 
pose may be corrected for diffuse reflect- 
ance at the option of the experimenter. 

(c) *T’o correct a gloss reading for dif- - 
fuse reflectance, the daylight 45 deg., 6 
deg. luminous directional reflectance of 
the test surface shall be determined in 
accordance with the Standard Method of 
Test for Daylight 45 Degree, 0 Degree 
Luminous Directional Reflectance of | 
Paint Finishes (A.8.T.M. Designation D) 
771).3 This reflectance value in per 
cent shall be multiplied by 0.025 and sub- 
tracted from the glossmeter reading. 

Nore.—In the majority of cases it is 
possible to estimate this correction with- 
out recourse to reflectance measurement, ; 
The perfectly reflecting, completely dif-: 
fusing white (to which a freshly smoked 
magnesium oxide is a fairly close ap- 
proximation) would read 2.5 on the above- 
defined glossmeter. For this reason, 45 
deg., 0 deg. luminous directional reflect- 
ance relative to MgO (1.00) is multiplied 
by 2.5 to obtain the diffuse correction. | 
Thus the correction for a 0.80 (80 per! 
cent) white is 2.0; for a 0.40 (40 per cent) | 
yellow it is 1.0, ete. With a little prae- 
tice, one can learn to estimate 45 deg., 
0 deg. luminous directional reflectance to: 
the nearest 20 per cent and thus obtain: 
diffuse corrections to the nearest 0.5. 


Report 


8. (a) Where gloss classifications are: 
desired, the report shall include the gloss: 
rating of the surface as follows: 


Surface Having Report as Hither: 


Gloss Values: 


Class or 
Above: 20k. 2 este A high gloss 
70 to 30, exclusive semi or medium gloss : 
30 to 6, inclusive. . eggshell 


B 
C 
6 to 2, exclusive. .. 


flat to eggshell 
2 and under..... flat 


(b) Where numerical values are de- 
sired, gloss values shall be reported to the 
nearest unit when over 15, and to the 
nearest tenth when under 15. 

(c) If numerical values have been 
corrected for diffuse reflectance, the fact 
shall be reported; otherwise, it shall be 
assumed that diffuse corrections have 
not been made. | 

(d) The presence of any sample in 
which portions of the test surface differ 
in gloss from the average by more than 
5 per cent of the average shall be reported. 

(e) Where: preparation of a test sur- 
face has been necessary, the method of 
preparation shall be described or other- 
wise identified. 
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) If an equivalent glossmeter has 
“used, it shall be identified by maker’s 
e and model. 

) It is frequently advantageous to 
tify the working standard or stand- 
of gloss used. 


ertainty of Results 
_ The tolerance given in Section 3 (6) 


| 


permits receptor openings differing by 
plus or minus 1.3 per cent from the area 
of the mean opening. This introduces 
an uncertainty which, at its maximum, has 
the same percentage magnitude. It is 
required in Section 3 (6) that the measure- 
ment mechanism give results accurate to 
within 1 per cent of any reading. In 
addition to these two, there are sources 
of uncertainty in the permitted variations 


of source size, of lens arrangement, and 
in reflections from the black interior. 
Unless working standards similar in gloss 
and surface appearance to the samples 
being measured are exchanged and mutu- 
ally accepted by the interested parties, 
results of gloss measurement by this 
method must be considered uncertain by 
plus or minus 5 per cent of their respec- 
tive magnitudes. 


zport on the Evaluation of Surface Treatment of Steel Prior 


to Painting 


zpared by Arnold J. Eickhoff' on Behalf of Subcommittee XXIX on Painting of Struc- 
tural Iron and Steel of Committee D-1 


Ls is a final re- 
‘+t of outdoor exposure tests con- 
ected by Subcommittee X XTX of 
3.T.M. Committee D-1 on Paint, 
rnish, Lacquer, and Related 
oducts to determine the effect of 
d phosphate—plhosphoric acid 
treatments of steel surfaces 
ich were subsequently painted. 
progress report? was published in 
Al. 


PRETREATMENTS 


The pretreatments investigated 
re essentially a mixture of water, 
osphoric acid, chromates, reduced 
romates, wetting agents, and me- 
lic phosphates. The hot type 
osphate—phosphoric acid treat- 
ants, such as those used exten- 
rely on automobile bodies and re- 
gerators, have proved advantage- 
s for increasing paint adhesion 
d for retarding the spread of 
rrosion between the paint film 
d the steel surface. However, 
ese hot types are not practical for 
plication to structural steel al- 
ady erected in the field. Hence 
e question, “How satisfactory are 
e cold types?” 

Paint formulation was not con- 
Jered in this project. A consider- 
le amount of such work has been 
ported previously, for example, the 


TE. YTE.—DISCUSSION OF THIS PAPER IS 
VITED, either for publication or for the atten- 
n of the author. Address all communications 
pi mi ie et Headquarters, 1916 Race St., Phila- 
a3 

Rational Lead Co., Research Laboratories, 
ooklyn, N. Y.; chairman of Subcommittee 
cIX. 
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Havre de Grace Bridge Tests? some 
forty-one years ago; reports on 
Atlantic City Steel Plate Tests 
some thirty-six years ago; and the 
reports of Subcommittee XIVs5 
about twenty-six years ago. 

The cold washes used in this in- 
vestigation, together with a general 
description and directions for their 
use, as supplied by their respective 
manufacturers, are as follows: 

Pretreatment X was a mixture of 
chromic acid, phosphoric acid, a 
wetting agent, and some zinc dis- 
solved in the phosphoric acid. The 
temperature of application was 80 
F., the drying time was one hour. 
The steel surface should not be 
rinsed prior to application of the 
paint when this pretreatment is 
used. 

Pretreatment Y was a saturated 
solution of zinc phosphate in an 
aqueous solution of phosphoric acid. 
The temperature of the solution 
when applied was 80 F., and the 
drying time was four hours. The 
work was then rinsed with water 
and dried for one hour prior to 
application of the paints. 

Pretreatment Z was a homogeneous 
mixture of phosphoric acid, chromic 
acid phosphate, water-soluble oil 
solvent, a wetting agent, and water. 
The temperature of the solution 


3 Report of Committee E on Preservative Coat- 
ings for Iron and Steel, Proceedings, Am. Soc. 
Testing Mats., Vol. VI, p. 47 (1906). 

4 Report of Subcommittee D of Committee D-1 
on Preservative Coatings for Structural Materials, 
Ibid., Vol. XI, p. 192 (1911). 

5 Report of Subcommittee XIV on the Preserva- 
tion of Iron and Steel Surfaces for Painting of 
Committee D-1 on Preservative Coatings for 
Structural Materials, [bid., Vol. XIX,. Part I, p. 
374 (1919). 
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when applied was approximately 130 
F. This solution was applied by 
brush in sufficient quantity merely 
to wet the surface. The panels 
were dried two hours and the gray- 
ish deposit formed from the chemi- 
cal pretreatment was allowed to re- 
main. 


Txst SURFACES AND PAINTS 


In this study the panels used were 
2 by 3 ft. by 3%-in. hot-rolled steel, 
with a copper content of not more 
than 0.06 per cent. In choosing 
such a large panel, it was believed 
the results of the tests would be 
more indicative of actual practice. 

Three surface conditions were 
chosen: one was the original hot- 
rolled panel with mill scale—the 
grease and dirt removed with vola- 
tile petroleum solvent. The second 
was the mill-scale panel, consider- 
ably rusted, then wire brushed be- 
fore any pretreatment or paint was 
applied. The third was a mill- 
scale panel, sandblasted prior to the 
application of paint or pretreat- 
ment. 

Two exposure locations were 
selected—Bethlehem, Pa. (an indus- 
trial atmosphere), and Sayville, 
Long Island, N. Y. (a rural atmos- 
phere). In addition to the control 
panels which were not given any 
pretreatment, each of the surfaces 
was separately treated with three 
washes of the phosphate type, before 
the paint was applied. 

There were only two paint. sys- 
tems used, designated system A and 
system B—each system comprising 
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(c) Paint A on Panels Exposed at Sayville, Long Island, N. Y. 
Fig. 1.—Swedish Pictorial Ratings of Panels Exposed at Bethlehelm, Pa., and Sayville, Long Island, N. Y. 


a primer anda topcoat. The paints 
used in system A were of inferior 
quality and purposely selected to 
produce a coating which would not 
provide prolonged protection.. The 
paints used in system B were con- 
sidered to be of better quality so 
that long-time protection would be 
provided. A total of 24 panels was 
exposed at each location. The 
angle of exposure was 45 deg. facing 
south. 


PIcTORIAL CORROSION STANDARDS 


Since the committee was chiefly 
interested in corrosion as an index of 
protection, a numerical corrosion 
rating system was desirable. Sey- 
eral sets of Swedish pictorial rusting 
standards were obtained and, as 
these were the only pictorial stand- 
ards then available, they were 
adopted as a basis for rating corro- 
sion. Ata later date the A.S.T.M. 
Standard Method for Evaluating 
Degrees of Resistance to Rusting 
Obtained with Paint on Iron or 


78 (TP50) 


Months ees at 45° Facing South 


Steel Surfaces (D 610 — 43)* was 
developed. 

In Fig. 1 are shown the progres- 
sive ratings for the 50-month test 
period for each of the paints at each 
of the locations on panels which had 
received no pretreatment and on 
panels given pretreatments X, Y, 
and Z, respectively. In part (a) 
of this figure is shown the record of 
paint A on panels exposed at Beth- 
lehem, Pa., and part (6), the record 
of paint B at the same location; 
part (c) is the record of paint A on 
panels exposed at Sayville, L. I.; 
and (d) the record of paint B at the 
same point. 

Some of the same data are given 
in Table I which shows for the two 
paint systems and the several treat- 
ments and original surface condi- 
tions, the months required to reach 
ratings of 8 and 6 on the Swedish 
scale at the two locations. The 
table also affords a comparison of 


eee Book of A.8.T.M. Standards, Part II, p. 
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(d) Paint B on Panels Exposed at Sayville, Long Island, N. Y. 


the Swedish and A.S.T.M. ratingy 
at the conclusion of the tests aft 
50-month exposure. 

‘The Swedish pictorial rating © 
corrosion ranges from 0 to 10. 4 
rating of 10 indicates no failure, zem 
indicates complete failure. Thesz 
ratings are given for the thre 
different surfaces, and the three pre 
treatments. 

The A.S.T.M. method for eval 
ating degrees of rusting is also : 
numerical scale. Number 10 is : 
surface with practically no blemz 
ishes, while the lower numbers indii 
cate progressively worse conditions: 
However, No. 4 is the worst condi 
tion classified under the A.S.T.M! 
system and the pictorial standard 
are further divided into two types 
Type 1 indicates that the rusting is 
not accompanied by blistering, vi 
type 2 indicates that the rusting id 
accompanied by blistering (in tha 
A.S.T.M. system 6-2 indicates 4 
type 2 rusting with a rating of 6). 

It will be noted from Table I tha 
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TABLE I.—MONTHS TO REACH SWEDISH RATINGS OF 8 AND 6 AND FINAL SWEDISH AND A.S.T.M. RATINGS OF ALL PANELS 


Sayville, L. I., N. Y. 


Bethlehem, Pa. 


Original Pre- 

} Surface treat- 

‘I Paint Conditiona ment 

A M.S. None 

B M.S. None 

A R. & W.B. None 

B R. & W.B. None 

A S.B. None 

B S.B. None 
A M.S. x 
B M.S. x 
A R. & W.B. Ex 
B R. & W.B. x 
A S.B. x 
B S.B. x 
Wepre... A M.S. NE 
i oe B M.S. ng 
eas. cs A R. & W.B. Nh 
an B R. & W.B. ay. 
0 A S.B. Ys 
ae B SB. Y 
ee A M.S. Z 
A) B M.S. Z 
2) a A R. & W.B. Z 
Me sf os B R. & W.B. Z 
ae A S.B. Z 
2. B S.B. Z 


Months to Fi 
_ Reach inal 
Spread- Swedish Rating at 
ing Rating of: 50 Months 
Rate of 
Primer 8 6 Swedish | A.S.T.M. 
962 19 27. 1 > 4-2 
1015 38 50+ if 5-2 
934 3 9 3 >4-2 
831 i 9 4 4-2 
883 15 27 iL > 4-1 
871 37 50 6 4-1 
815 15 42 3 > 4-2 
1015 25 50+ 7 5-2 
TENE 2 9 2 > 4-2 
926 8 15 4 4-2 
935 12 36 1 > 4-1 
795 39 50+ i 8-1 
722 15 46 4 4-2 
746 25 39 4 4-2 
739 8 12 3 > 42 
732 15 46 6 5-2 
756 12 27 3 4-1 
831 46 50 6 6-1 
962 34 42 4 > 4-2 
914 25 39 4 4-2 
883 3 6 3 > 4-2 
892 6 7 2 > 4-2 
794 15 40 3 > 4-1 
892 48 50+ fh 7-1 


M.S. indicates Mill Scale, R. & W.B. indicates Rusted and Wire Brushed, S8.B. indicates Sandblasted. 


classifying the end-point evalu- 
on of the panels there is, for the 
st part, reasonably good numeri- 


“agreement between the Swedish: 


1 the A.S.T.M. systems. Occa- 
nally, one finds a_ difference, 
efly due to the fact that the 
3.T.M. numbers do not go down 
low as the Swedish. On the 
ole, it is surprising that two pic- 
jal systems developed on the 
posite sides of the Atlantic Ocean 
ve such relatively good agree- 
nt. 


Discussion oF Data 


Data on the number of months re- 
ired to reach the Swedish ratings 
8 and 6 are givenin Table I. At 
ating of 8, repainting is generally 
sidered economically desirable. 
a rating of 6, repainting is gen- 
lly considered to be imperative 
d extensive surface preparation is 
juired if the paint is to afford rea- 
able future protection. It will 

noticed that at the end of 50 
mths there are 16 panels which did 


ABLE II.—RATIO (IN PER CENT) OF MONTHS TO REACH suger 


not reach a corrosion rating of 6. 
Therefore, the information obtained 
or the conclusions which can be 
drawn are somewhat limited. 

From the data given in Table I, 
Table II has been prepared to show 
the ratio (in per cent) of the number 
of months required to reach Swedish 
ratings of 8 and 6, respectively, for 
pretreated panels versus untreated 
sheets. The committee concluded 
that small differences in these per- 
centage ratings were not too signifi- 
cant and arbitrarily grouped them 
before conclusions were drawn. 

A percentage between 85 and 115 
indicated no advantage or disad- 
vantage for the pretreatment; for 
one between 85 and 65 per cent the 
pretreatment was considered dis- 
advantageous; 65 per cent or less 
the pretreatment was definitely dis- 
advantageous; between 115 to 135 
per cent the pretreatment was con- 
sidered slightly advantageous; at 
135 per cent or more the pretreat- 
ment was considered definitely ad- 
vantageous. On the basis of these 


ERTS. 
(Three types of original surfaces.) 


Months to A 
Spread- Reach R Final 
ing Swedish oie a 
Rate of Rating of: onths 
Primer 
Soho Swedish | A.S.T.M. 
800 19 24 2 > 4-1 
(les) 39 50+ 8 8-2 
800 6 9 3 > 4-1 
650 27 50+ 7 8-1 
800 34 50 6 7-1 
iti 34 50+ ib 8-1 
800 22 50 6 7-1 
790 39 50+ 8 9-2 
650 8 ily 4 4-1 
775 22 39 6 7-1 
695 9 50+ i 7-1 
775 34 50+ 9 9-1 
820 22 50+ il 8-1 
(045) 50+ 50+ 10 10 
800 8 17 2 > 4-1 
675 19 34 6 6-1 
710 27 50+ 1h 8-1 
630 50+ 50+ 10 10 
820 27 39 6 7-1 
775 34 50+ 8 8-2 
800 6 8 2 > 4-1 
120 19 34 5 7-1 
780 27 50 6 7-1 
725 50+, 50+ 10 10 


percentage limits, the following con- 
clusions are noted. 


CONCLUSIONS 


From the data obtained it is read- 
ily noted that there is no consistent 
advantage or disadvantage in the 
indiscriminate use of the pretreat- 
ments on steel exposed to the 
atmosphere. 

It should be noted that if the mill 
scale is tightly adherent over the 
entire surface, a condition seldom 
obtained from a practical stand- 
point, the paint performance is not 
adversely affected. This would ex- 
plain the equally excellent perform- 
ance of the mill-scale surfaces com- 
pared with the sandblasted surfaces. 

Wire brushed, rusted panels gave 
very short paint life under all condi- 
tions. 


FuTURE Stupy 


Most metal protective paint stud- 
ies which have been reported in the 
technical literature have concerned 
themselves with the preparation and 


ISH RATINGS OF 8 AND 6 FOR PRETREATED VERSUS UNTREATED 


Mill Scale Wire Brushed Sandblasted 
Sayville Bethlehem Sayville Bethlehem Sayville Bethlehem 

redish Dies Paint Paint Paint Paint Paint Paint Paint Paint Paint Paint Paint Paint 

ating treatment A B A B A B A B A B A B 

8 x “79 66 116 100 67 114 133 81 80 105 26 100 
8 Ye 79 66 116 128 267 214 133 70 80 124 79 147+ 
8 Z 179 66 142 87 100 86 100 70 100 130 79 147+ 
156 100+ 208 100+ 100 167 189 738 — 133 100+ 100+ 100 + 
3 a + 170 738 — 208+ 100+ 133 511 189 68— 100 100 100+ 100 + 
6 Z 156 73— 163 100+ 67 78 89 68— 148 100+ 100 100+ 
uary 1948 ASTM BULLETIN (TP51) 79 


painting of new, unweathered steel, 
or steel cleaned by various mechani- 
cal means. Our subcommittee de- 
cided that valuable information 
would be derived from a study of 
the effect of cleaning, pretreating, 
and repainting steel surfaces which 
had received no pretreatment and 
surfaces which had received me- 
chanical and chemical pretreat- 
ments. Consequently, the second 
phase of this work is concerned with 
the preparation and painting of the 
same original painted and weathered 
panels reported earlier in this report. 
It is of practical interest to know 
whether the repainted panels will 


perform in the same manner as 
when originally painted. This sec- 
ond phase of the original investiga- 
tion is now under way and the 
panels are exposed at the same loca- 
tions—Sayville, Long Island, N. Y., 
and Bethlehem, Pa. 


APPENDIX 


In order that there be no mis- 
understanding, and to avoid giving 
the impression that these cold phos- 
phate washes are of questionable 
value, attention is called to the 
work done by the U.S. Army Engi- 
neers and the Tennessee Valley 


Why Shoot A Dead Man?—Or Applied Ordnance Research 


Tue Ordnance Laboratory 
at Frankford Arsenal has recently issued 
an interesting brochure which gives an 
account of its history and present organi- 
zation. The official beginning of the labo- 
ratory came in 1892 when a Captain 
John Pitman was assigned to the Arsenal 
to organize a chemical laboratory to study 
smokeless powder. Pitman, the brochure 
recalls, was a tireless worker who per- 
formed innumerable experiments on 
smokeless powder variables, filling in his 
spare time with ammunition design, and 
not overlooking the fine opportunity 
afforded by the city morgue to test the 
power of experimental bullets against 
assorted cadavers. 

The laboratory grew apace and by 
1900 was regarded as the explosives test- 
ing center of the United States. World 
War I put chemistry and metallurgy in 
top place on the laboratory calendar and 
it became a production shop as well as a 
technical division. Among its achieve- 
ments were its development and stand- 
ardization of armor piercing bullets, car- 
tridge cases and compositions for the new 
tracer bullets which were one of the sur- 
prises of World War I. 

In 1934 it was established as the center 
of non-ferrous metallurgy for the Ord- 
nance Dept., and the following year a 
fully equipped ballistics section was in- 
stalled. Starting in 1940 under Col. L. S. 
Fletcher and continuing under Col. C. H. 
Greenall with Sam Tour as civilian direc- 
tor of research, a rapid expansion oc- 
curred which trebled its working area and 
multiplied its staff by twenty. C. C. 
Fawcett is now the director of the labora- 
tory, and Herschel Smith and E. R. Rechel 
are asistant directors. 

The laboratory, as currently organized, 
consists of six research branches and six 
service branches. The Chemical Research 
Branch, under J. W. Mitchell, is divided 
into six sections covering engineering, 
physical, organic, industrial, and inor- 
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ganic chemistry. The Metallurgical Re- 
search Branch, under the joint direction 
of Harold Markus and A. L. Jamieson, has 
sections covering copper alloys, design 
metallurgy, heat treatment, metallog- 
raphy, and mechanical metallurgy. 

The Physics and Ballistics Research 


Branch has grown from a single 50-ft range _ 


in an attic in 1934 to one of the most im- 
portant branches of the Laboratory. 
Directed by Dr. Smith, its best-known 
contribution is the basic theory of the 
recoilless rifle which has been successfully 
applied in 37-mm., 57-mm., and 105-mm. 
guns. The series of cal. 0.60 rounds were 
also developed at the Laboratory. The 
Ballistics Section. now operates eight 
ranges that can be adapted to the firing of 
a wide variety of weapons: single shot, 
semiautomatic, and automatic. Tests are 
commonly made on small arms ammuni- 
tion; 20-mm. and 37-mm. cannon; and 
on bazookas and pilot ejection catapults. 
The Applied Physics Section of this 
branch is especially interested in the basic 
research on physics of metals. 

The Mechanical Engineering Research 
Branch under the direction of 8S. M. 
Lawrence has sections on design engineer- 
ing and development engineering. The 
Finishes Research Branch, under Max 
Frager, has sections dealing with organic 
finishes, protective engineering, and cor- 
rosion. Many important activities are 
covered in the Tropicalization Section of 
this branch which was established to 
study the peculiarities of tropical deteriora- 
tion of certain ordnance items and to find 
means of preventing it. Much of this 
work is done in the field, especially at the 
testing station in the Canal Zone. 

The Mathematics Branch is primarily 
concerned with the use of statistical tech- 
niques and their application to design 
inspection plans and quality control 
systems. One of its important achieve- 
ments was the development of quantitative 
measures of the sensitivity of primers. 
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Authority. Invariably, these cold 
pretreatments proved of value wher 
used on sandblasted steel surfaces 
subsequently painted and _ subl 
merged in fresh water. 
Under these conditions of expo 
sure, chemical pretreatment ex: 
tended the protective life of th 
applied paint coatings. On the 
other hand, the use of these sama 
pretreatments applied in a simila’ 
manner did not significantly extens 
the protective life of the paint coa 
ings exposed. to atmospheric er 
vironments, which finding was de« 
veloped as the result of the work 
Subcommittee X XIX. 


The Materials Engineering Brane 
under L. H. Adams has sections dealing 
with specifications and materials, shop 
problems, pyrometric control, and elec« 
tronic development. 

The Materials Testing Branch, under 
R. D. France, has sections on mechanical 
testing, a eeaoaraniae section, and sec ( 


of metals and of nonmetals. 
service branches of the Ordnance Labora- 
tory include Photography, Library, a 
ents and Administration. 

Of considerable interest to A.S.T. M 
members is a tabulation in the brochure 
showing the representation of Ordnance 
Laboratory personnel on technical com- 
mittees where representatives on some 14: 
A.S.T.M. committees are listed. 


The Technique of Nailing : 


Engineering News-Record ips 
the October 2 issue has an interesting items 
on the homely art of driving nails. This 
may be of help to those members who» 
pursue the hobby of woodworking within: 
the sanctity of their own homes or have: 
aspirations to build that addition to Ls 
garage. 

In this article the author, T. H. McKaig, : 
points out that ‘nails driven in holes: 
33- to ys- in. smaller than the diameter 
of the nail will have considerably greater: 
resistance to pull and shear than nails: 
driven without holes. Cement coated. 
nails are considerably superior to uncoated 
nails. The length of nails for best service 
should be somewhat more than twice the: 
thickness of the member holding the heads, 
Slender nails will hold better than thick 
nails under repeated shocks and constant 
weaving action, because they bend with- 
out losing their grip at the point. The 
best results in ‘holding power are given by 
nails with a short pyramidal point. Either 
blunt or sharp point reduces this holding 
power. If a cut nail is driven with the 
taper sides parallel to the fibers of the 
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d, the resistance to withdrawal is 
iter than when driven in the usual 
ner, but it is more liable to split.”’ 

nm the same subject—a recent. publica- 
| of the Housing and Home Finance 
ney, entitled ‘Technique of House 
ling,” November, 1947, has come to 
attention. This is a 54-page illus- 
ed booklet, prepared’ by the Forest 
ducts Laboratory, and contains illus- 
jons of correct nailing techniques 
ering practically everything from 
ble sills and drop-siding to sub-flooring 
| shingles. Copies of “Technique of 
use Nailing” are available from the 
erintendent of Documents, Govern- 
xt Printing Office, Washington 25, 
C., at 20 cents per copy. 


Shades of the Alchemists 
Gold—Mercury—Length 


Ir 1948 becomes a year in 
ich we see’ an unusually large number 
comets or strange heavenly bodies, 
not be too greatly surprised. They 
y be caused by the shades of a number 
alchemists in their astral abodes burn- 
up in chagrin and frustration as they 
d in the December, 1947, Technical 
vs Bulletin of the National Bureau of 
ndards that gold is now being turned 
) mercury. For at Oak Ridge, Tenn., 
ay, gold (Au'”) is being transmuted 
) mercury (Hg!%) for the N.B.S. 

‘or twenty years the Bureau has been 
mmmending that the meter be defined 
terms of a primary standard of light 
re length, that of red radiation from 
mium vapor, rather than the distance 
ween: two lines on a platinum-iridium 
at the International Bureau of Weights 
| Measures in France, the standard of 
rth since 1889. The present standard 
several disadvantages: it is unsuitable 
certain fields of measurement; the 


s being in effect small furrows, (ten ' 


;welve wave lengths wide) do not lend 
mselves to precise measurement as we 
< on it today; and the present meter is 
readily reproducible. 

ome sixty years ago, A. A. Michelson 


and E. W. Morley outlined a method for 
making use of & standard of length based 
on a light wave length. The heavier the 
atom, the better such a wave length would 
be as it would tend to be monochromatic 
and could be excited to radiate at a lower 
temperature. Searching systematically 
for the radiation best suited as an ultimate 
standard, Michelson discovered in 1892 
that the green light of natural mercury is 
complex, and we now know that natural 
mercury consists of a mixture of seven iso- 
topes with atomic masses of 196, 198, 199, 
200, 201, 202, and 204. He discarded the 
complex mercury line in favor of the red 


- light of cadmium, although for the visual 


adjustment of interferometers, the green 
line of mercury would be much more use- 
ful as it is 70 times as intense as the red 
line of cadmium. 

Now the green line of mercury, re- 
jected by Michelson fifty-five years ago 
on account of its complex structure, has 
finally, by the production of mercury 198, 
been freed of its seven-isotope curse. So 
the green line of Hg! with a wave length 
that can be determined to an accuracy 
within one part in one hundred million, 
according to Dr. William F. Meggers of 
the Bureau’s Atomic Physics Division, 
stands alone as the most nearly ideal stand- 
ard of length. Neutron bombardment of 
gold, which has an atomic mass of 197, 
to produce Hg!’ is supplying the isotope 
in adequate quantities. 

Shades of the Alchemists! 


Calendar of Society Meetings 


IntEeR-Socipty Coitor Counciz—Annual 
Meeting, March 2, 3, Hotel Pennsylvania, 
New York, N. Y. 

NationaLt EurorricAL MANUFACTURERS 
ASsSOCIATION— Winter Convention, March 
14-18, Chicago, Il. 

AMERICAN Society oF Toot ENGINEERS— 
16th Annual Meeting and Tool Exhibi- 
tion, March 15-19, Cleveland, Ohio. 

AMERICAN RatILway ENGINEERING ASSOCIA- 
TIon—Annual Meeting, March 16-18, 
Palmer House, Chicago, III. 

InstituTE or Rapio ENGIneERS—March 
22-25, 1 E. 79th St., New York, N. Y. 
AMERICAN Socipry oF MercuHanicaL ENaI- 
NEERS—Spring Meeting, March 1-5, New 

Orleans, La. 


AMERICAN SOCIETY FOR TESTING 
MATERIALS—Spring Meeting and Com- 
mittee Week, March 1-5, Hotel Statler, 
Washington, D.C. , 

Society or AvuTomMoTivE ENGINEERS— 
National Passenger Car Meeting, March 
3-5, Detroit, Mich. 

AMERICAN PrrroteumM InstitTutTsE—Mid- 
Continent District Spring Meeting, March 
24-26, Broadview Hotel, Wichita, Kansas. 

AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS—Great Lakes District Meeting, 
April 1-3, Des Moines, Iowa. 

SoutHerRN Macuinery AND Merauts Ex- 
Position—April 5-8, Atlanta, Ga. 

NatIonaL ASSOCIATION OF CORROSION ENGI- 
NEERS—1948 Annual Convention and 
Conference, April 5-8, Hotel Jefferson, 
St. Louis, Mo. 

AMERICAN Socirty or Civit ENGINEERS— 
Spring Meeting, April 7-9, William Penn 
Hotel, Pittsburgh, Pa. 

AMERICAN PrrroLteumM InstitTuTE—South- 
western District Meeting, April 14-16, 
Plaza Hotel, San Antonio, Texas. 

Society or Lusrication ENGiInspRs—An- 
nual Convention, April 19-21, Statler 
Hotel, Buffalo, N. Y. 

Nationa Petrotpum Assocration—April 
21-23, Hotel Cleveland, Cleveland, Ohio. 

Amprican Crramic Socirty—April 25-30, 
Palmer House, Chicago, IIl. 

AMERICAN FOUNDRYMEN’S ASSOCIATION— 
52nd Annual Meeting, May 3-7, Conven- 
tion Hall, Philadelphia, Pa. 


. American Prerroteum Instirutse—Pacific 


Coast District Meeting, May 6-7, Bilt- 
more Hotel, Los Angeles, Calif 

AMERICAN INSTITUTE OF CHEMICAL ENGI- 
NEERS—Regional Meeting, May 9-12, 
Hollenden Hotel, Cleveland, Ohio. 

AMERICAN PrrrotEeumM InstituTE—Divi- 
sion of Refining, 13th Mid-Year Meeting, 
May 10-13, Benjamin Franklin Hotel, 
Philadelphia, Pa. 

Natrionau Frre Protection AssociaTion— 
May 10-13, Hotel Statler, Washington, 
DC: 

INTERNATIONAL PETROLEUM ExPosiTIiOoN— 
May 15-22, Exposition Grounds, Tulsa, 
Okla. 

AmpRICAN IRON AND STEEL INSTITUTE— 
May 26, 27, Waldorf-Astoria, N. Y. 

American Society oF MrcHaNnicaL ENGI- 
NEERS—1948 Semi-Annual Meeting May 
30—June 4, Milwaukee, Wis. 

Society or AvutTomotivE ENGINEERS— 
Semi-Annual Summer Meeting, June 6-11, 
French Lick Springs, French Lick, Ind. 

AMERICAN SOCIETY FOR ENGINEERING Epu- 
CATION—56th Annual Meeting, June 14— 
18, University of Texas, Austin, Tex. 

AMERICAN SOCIETY FOR TESTING 
MATERIALS—Annual Meeting and Ex- 
hibit of Testing Apparatus and Equip- 
ment, June 21-25, Book-Cadillac Hotel, 
Detroit, Mich. 


NEE EEE — EEE eee 


: Corning Glass Works............... 89 Remmey Son Co., Richard C........ 86 

Beat Veco ee Eastman Kodak Co......5.0....... 91 Riehle Jeshihy Tie ga i Dison, 

: : puile Reeves wien 88 Eimer & Amend, Inc.,.......%.1...5 92 American Machine and Metals, Inc. 
eS eee ee ei 2 Piste CRM MGA COUD cn tomes age: ep se) Sh] ah Rag ohensas pAEPrie oes Inside Back Cover 
ame Locomotive. Works... Mishemecionuiie OOnsgh oe tee. 02 Sargent & Del. ee AoE IO 
Inside Front Cover GeneraleRadiorCO.n. sven eete.n os ces 3 Scott ieee TIne.. Sere sey EY 
By i Eo ALTO} regi 83 LaPine & Co., Arthur S.. Mt 88 Sonntag Scientific Corp... Ef £3. 90 
goo @ Lomb Optical’Co....... 7. Morehouse Machine Co.. 86 inyomacu@o, cAr Gian, He" <a te eieet 90 
ser, Inc... 1.11... cess eee 83 Olsen Testing Machine Co., Tinius. Thwing-Albert Instrument Co....... 84 
hler, Ltd.. Cee ae oe Oe Outside Back Cover WAU ob iota alee, emt pellets oA Aad alah 96 

rell Technical Supply COT it 95 Perkins & Son Co., Balas wa .... 84 Wilson Mechanical Instrument Co., 
Beets PTCUSy 290843 6. 65028 83 Precision Scientific Co.............. 4,85 ARG) od gtk Oe eee ea 84 
tral Scientific Comes anemek as oa 92 aTinat LC Osea tincgoe Ce) efuureteaks ain o> 94 ProlesslomaliC ards Mes. siccacen sds v's! AOS 
ASTM BULLETIN 81 


uary 1948 


82 


A 4 
Ap 


THE JAMES H. HERRON COMPANY 


Engineers, Chemists, Metallurgists 
Consulting, Inspecting, Testing 
Physical, Chemical, Metallographical & X-Ray Laboratories 
1360-1364 West Third St., Cleveland, Ohio 


SONNTAG SCIENTIFIC 
CORPORATION 
Greenwich Connecticut 


Fatigue and simulated service testing of 
materials and machine elements. 


PATZIG TESTING LABORATORIES 
ENGINEERING INSPECTION 

TESTS - ANALYSES - RESEARCH 
EQUIPMENT - APPLIANCES 
MATERIALS & PRODUCTS 

Ingersoll Ave. & 23rd St, Des Moines, lowa 


SOUTHWESTERN LABORATORIES 


Consulting, Analytical Chemists and 
Testing Engineers 


Inspections; Testing and Chemical Work 


Fort Worth, Dallas, Houston, and 
Corpus Christi, Texas 


W. B. COLEMAN & CO. 
Metallurgists-Chemists-Engineers 
Spectroscopic Analysis 
Chemical and Physical Testing 
Metallurgical Investigations 
Boiler Water Conditioning 
Consultation Service 


9th & Rising Sun Ave., Philadelphia 40, Pa. 


UNITEDSTATES 
2 TESTING CO. INC. 


Scientific Testing 
Research Analysis 


Consultation and Inspection Service 
Phile.°-N.¥,.°Chicago-Boston:Woonsocket-Los Angeles 


THE WAYNE LABORATORIES 


Chemists Bacteriologists 
Consultants 
Technical Service Research for Industry 
Metallurgy, Paints, Bitumens. Oils, Ceramics, Cement 
and Concrete. Inorganic and General 
Physical Testing, Technical Photography, Microscopy, 
Waterworks, Sewage, Waste Disposal 


17 E. Main St. Waynesboro, Pa. 


SAM TOUR & CO., INC. 


Mechanical, Chemical, Metallurgical 
Engineers — Consultants 


Research & Development Laboratories 


44 Trinity Place New York 6,N. Y. 


PROFESSIONAL CARDS <2 


On this page are announcements by leading organizations and individuals of their services for testing, 


research, and consulting work. 


LUCIUS PITKIN, INC. 
ESTABLISHED 1885 
Metallurgical Chemists & Consultants 
Analysis—Sampling—Assaying 
Spectrography—Metallography 
Corrosion Studies—Research 
PITKIN BLDG., 47 FULTON ST., N. ¥. 7, N. Y- 


CHEMISTS ENGINEERS 
Public Service Testing Laboratories, Inc. 
Chemical, Physical, Biological 
Tests and Analyses 


Certified Marine Chemists —- — Corrosion Experts 
Samplers — — — Research Studies 


381 Fourth Avenue New York 16,N. Y. 


A. W. WILLIAMS 
INSPECTION COMPANY 
Timber and Timber Treatment Inspections 


Also 
Complete Chemical and Physical Testing 
Laboratories 
EXECUTIVE OFFICE: Mobile, Alabama 
BRANCH OFFICES; New York, N. Y., St. Louis, Mo., 
Eugene, Ore. 


FOSTER D. SNELL, INC. 


Chemists — Engineers 
Our chemical, engineering, bacterio- 
logical and medical staff with com- 
pletely equipped laboratories are pre- 
pared to render you Every Form of 
Chemical Service. 


Write today for a copy of Booklet #8 
The Chemical Consultant and Your Business 
29 W. 15th Street New York 11, N. Y 


QELECTRICAL 


TESTING LABORATORIES INC 


Specializing in technical services to those 
intent upon GOOD QUALITY 


"2 East End Avenue at 79 th St.NewYork 21-N:¥ 
SSS 


PENNIMAN & BROWNE 
Established 1896 


‘Pe CHEMICAL ENGINEERS 
ANALYSTS 


Laboratory and Field Service 
Research Testing Inspection Sampling 


341 ST. PAUL PLACE e BALTIMORE 2, MD. 
Cincinnati 
Testing & Research Laboratories 


Industrial Research and Development 
Specializing in Plastics 
Physical, Electrical, and Chemical Testing 


308 W. Fourth St. Cincinnati 2, Ohio 


ST.JOHN X-RAY 
LABORATORY 
CALIFON, N. J. 


Established 1925 
PHONE: CALIFON 49 
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Metallurgists Chemists 


NEW YORK TESTING 
LABORATORIES, INC. 


80 WASHINGTON STREET, NEW YORK CITY 
Consulting and Research Engineers 


Mechanical, Physical and Electrical Tests, 
Inspections on all materials, ; 


The Oldest Commercial Laboratory 
in America 


BOOTH, GARRETT & BLAIR 
Established 1836 


Analytical and Consulting Chemists 
Samplers and Weighers 
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298 South Ninth Street Philadelphia 7, Pa. 


South Florida Test Service 

Testing - Research - Engineers 
Development and testing of materials and 
products. Predetermination of durability and 


permanency by actual exposure or service | 


tests, 
P, O, Box 387 
Miami 3, Floride 


Established 
1931 


GIDLEY LABORATORIES 


Research in Rubber 


Physical and chemical testing, research, if 


formulae and product development. 


FAIRHAVEN, MASS. 


LEDOUX & COMPANY, INC. 


Chemists, Assayers, Engineers 
Samplers and Weighers 


155 SIXTH AVE. 
NEW YORK, 13, N. Y. 


Shilstone Testing Laboratory 
NSPECTING AND CONSULTIN 
CHEMISTS & ENGINEERS 5 
CARGO SURVEYORS 
New Orleans, La. 


Houston, Tex, 
Corpus Christi, Tex. 


Inspection at all Leading Industrial Centers | 


NEW ENGLAND 
SPECTROCHEMICAL 
LABORATORIES 


Chemical Analysis by Physical Methods |W 


Ipswich, Massachusetts 


ROBERT W. HUNT COMPANY 


laspection, Tests,Consultation, Research ENG | N EERS 


CHEMICAL, PHYSICAL, X-RAY, 
METALLURGICAL, CEMENT and 
CONCRETE LABORATORIES. 


175 W. Jackson Blvd., CHICAGO, And All Large Cities 
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